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METHOD FOR STEP DETECTION AND GAIT
DIRECTION ESTIMATION

CROSS-REFERENCES TO RELAT
APPLICATIONS

T
w

This application 1s continuation of U.S. patent application
Ser. No. 13/791,443, filed Mar. 8, 2013, which claims benefit

under 35 U.S.C. §119(e) of Provisional Patent Application

No. 61/649,1778, filed May 18, 2012, the contents of which 1s
incorporated herein by reference 1n 1ts entirety.

STATEMENTS AS TO THE RIGHTS TO

INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH OR DEVELOPMEN'T

This invention 1s based upon work supported and/or spon-
sored by the Defense Advanced Research Project Agency
(DARPA) Special Project Office under SBIR Contract Num-
ber W31P4Q-12-C-0043, entitled “Handheld Applications
for Warfighters”, administered by DCMA Baltimore, 217
East Redwood Street, Suite 1800, Baltimore, Md. 21202.

BRIEF DESCRIPTION

A method 1s described for detecting a human’s steps and
estimating the horizontal translation direction and scaling of
the resulting motion relative to an inertial sensor, regardless
of or 1n spite of a changing torso mounting location. When a
pedestrian takes a sequence of steps, the displacement can be
decomposed into a sequence of rotations and translations over
cach step. A translation 1s the change in the location of the
pedestrian’s center of mass and a rotation 1s the change along,
the z-axis of the pedestrian’s orientation. A translation can be
described by a vector and a rotation by an angle. The cumu-
latrve rotation over a path 1s computed using gyro iforma-
tion. The method can use only accelerometer signals and
works robustly with a torso mounted location.

REFERENCE TO A “*SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED ON A COMPACT DISK

Not Applicable.

COMPUTER PROGRAM LISTING

A listing of source code 1s provided in Appendix A.

COPYRIGHT NOTICE

A portion of the disclosure of this patent document con-
tains material which 1s subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as 1t appears 1n the Patent and Trademark Office patent
file or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND

Torso-mounted 1inertial sensors are typically attached at the
waist and centered 1n the front or in the back 1n order to be
closest to the center of gravity where there 1s less extraneous
motion. Other mounting locations, such as 1n a vest pocket are
teasible but they change the character of the motion signa-
tures. Moving a system designed for waist mounting to
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2

another location on the body can cause performance 1ssues
depending on the motion models.

Torso-mounted 1nertial tracking systems that use micro-
clectromechanical system (MEMS) sensors are typically
developed as a pedometer based systems (though this 1s not
always the case 11 additional velocity sensors are available to
provide corrections).

The simplest of the pedometer type systems detects each
step and uses a fixed predefined step length to compute the
distance traveled, assuming all motions are walking or run-
ning forward. See, Judd, T. A Personal Dead Reckoning Mod-
ule. 1n ION GPS. 1997. Kansas City, Mo. This type of system
provides adequate performance for runners and other athletes
with an approximately fixed pace attempting to record some
measure of their workout distance.

Step detection 1s a critical function 1n any pedometer sys-
tem. FIG. 1 shows typical raw z-axis accelerometer data from
a waist mounted sensor for a person going up a series of steps.
A circle mark at the bottom of each of the accelerometer
signals indicates a heel strike associated with each step,
which 1s based on a local minima in the accelerometer data.
While one might expect that the magnitude of the signal
would be consistent when performing uniform motions, 1t 1s
clear from this sample that there can be significant magnitude
variation in the acceleration while going up steps. As 1illus-
trated 1n FIG. 2, that variation can be even more extreme over
different motions. If the variation in magnitude 1s significant,
it can cause 1ssues with missed detections because, for
example, 1 order to eliminate false detections, values less
than a threshold may be 1gnored. This may cause a simple
detector to miss soft steps.

For example, FI1G. 2 shows typical three axis accelerometer
data taken while walking 1n an office building. The x-axis data
1s 1llustrated by a dash-dot-dot line, which 1s largely obscured
by the y-axis data, which 1s shown as a solid line. The z-axis
data 1s 1llustrated by a dash-dash line. The data collected and
illustrated 1n FIG. 2 was collected while a subject walked
down 4 flights of stairs, down a hallway, and up 4 tlights of
stairs. A visual inspection of this accelerometer data suggests
the ability to differentiate between walking down stairs,
upstairs and forward based on signal characteristics, as indi-
cated 1n FIG. 2.

More sophisticated pedometers include motion models to
better estimate step length. In the context of pedestrian track-
ing, the motion models typically referred to 1n the literature
describe motion type (walking, running, crawling . . . ) and
step length and frequency. See, 1d.; Funk, B., et al., Method
and System for Locating and Monitoring First Responders,
U.S. Publication Number 2008/0077326 (“Funk™).

For example, step length can be estimated based on a
tracked subject’s height, step frequency, and other factors. In
general, for walking, the speed and step length increase when
the step frequency increases, and for a given step frequency,
step length remains fairly constant (with some distribution
about a nominal value). Considering the human body’s loco-
motion and physical restrictions, different methods have been
proposed to approximate the step length. Linear models have
been dertved by fitting a linear combination of step frequency
and measured acceleration magnitude to the captured data.
Pedometer systems may also provide a mechanism for using
GPS or other measures to adaptively update the step length
estimates. See, Ladetto, Q., On foot navigation: continuous
step calibration using both complementary vecursive predic-

tion and adaptive Kalman filteving, nION GPS. 2000; Lee, S.

and K. Mase, Recognition of Walking Behaviors for Pedes-
trian Navigation, in IEEE Conference on Control Applica-
tions (CCA01). 2001: Mexico City, Mexico; Fang, L., et al.,
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Design of a Wireless Assisted Pedestrian Dead Reckoning
System—The NavMote Experience. IEEE Transactions on
Instrumentation and Measurement, 2005. 54(6): p. 2342-
2338; Ladetto, Q., etal. Digital Magnetic Compass and Gyro-
scope for Dfsmoumed Solider Position and Navigation. 1n
Military Capabilities enabled by Advances in Navigation

Sensors, Sensors & Electronics Technology Panel, NATO-
RTO meetings. 2002. Istanbul, Turkey (“Ladetto™); Godha,

S., G. Lachapelle, and M. Cannon, Integrated GPS/INS Sys-
tem for Pedestrian Navigation in a Signal Degraded Environ-
ment, 1n ION GNSS. 2006. Fort Worth, Tex.: ION.

In Chau, T., A Review of Analyvtical Technigues for Gait
Data. Part 1: Fuzzy, Statistical and Fractal Methods. Gait and
Posture, 2001. 13: p. 49-66 and Chau, 1., 4 Review of Ana-
Ivtical Techniques for Gait Data. Part 2: Neural Network and
Wavelet Methods. Gait and Posture, 2001. 13: p. 102-120, a
review of analytical techniques 1s presented. The techniques
have the potential for a step data analysis, including Fuzzy
Logic (FL), statistical, fractal, wavelet, and Artificial Neural
Network (ANN) methods.

In order to account for motion direction, pedometers may
break the tracking problem down into motion classification
and then scaling, not assuming, for example, that every
motion 1s forward. They provide a mechanism to classity the

motions as forward, backward, up, down, left, right, etc. See,
Funk; Ladetto; and Soehren. W. and W. Hawkinson, Proto-
tvpe Personal Navigation System. IEEE A&E SYSTEMS
MAGAZINE, 2008(Aprl) (“Soehren™). While prior claims
have been made regarding the ability to classily motion based
on comparison with stored motion data or to use neural net-
works to classily motion, little detail, and certainly not
enabling disclosures have been provided regarding how this 1s
done. Aside from the use of vision systems for classification,
published work on motion classification 1s limited. Ladetto
suggests using the antero-posterior acceleration divided by
the lateral acceleration as an indicator of direction together
with the lateral acceleration data peak angles to determine left
versus right side stepping. Soehren uses an abrupt change in
step Irequency to detect walking versus runming. Funk
describes a neural network classification method where sen-
sor data 1s segmented 1nto steps and then normalized (re-
sampled) to make a consistent number of inputs to the neural
network classifier that 1s independent of step frequency. This
method has been used to classity standard pedestrian motions
as well as more utilitarian job related motions such as crawl-

ing and climbing ladders.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1llustration plotting z-axis accelerometer sig-
nals over time with heel strikes indicated;

FI1G. 2 1s an 1llustration of raw accelerometer signals from
X, vy and z-axis during typical pedestrian motions;

FIG. 3 1s an illustration of accelerometer orientation;

FI1G. 4 1s an illustration of hip motion over a stride;

FIG. 5 1s an 1illustration of a stride model showing hip
clevation change;

FIGS. 6 A and 6B are illustrations of a relative direction of
motion test setup and the corresponding results;

FIGS. 7A and 7B are 1llustrations of a sensor oilset detec-
tion test setup and the corresponding results;

FIG. 8A 1s a PI implementation of orientation estimator;

FIG. 8B 1llustrates the orientation estimate of FIG. 8A: and

FIG. 8C illustrates the tilt computation of FIG. 8A.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

A method for estimating hip elevation and using that esti-
mate for step detection and sealing based on the extrema of
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4

the estimated hip elevation has been developed. The relative
translation direction for each step may also be computed.

When a pedestrian wearing an accelerometer device takes
a sequence of steps, the displacement of the devices and
therefore the pedestrian may be decomposed into a sequence
of rotations and translations over each step. A translation 1s
the change 1n the location of pedestrian’s center of mass and
a rotation 1s the change along z-axis of the pedestrian’s or1-

entation. A translation may be described by a vector and a
rotation may be described by an angle.

In an embodiment, translations may be computed using,
only accelerometer signals. Rotations may be computed
using gvro heading information. The algorithm of the
embodiment has been demonstrated to be robust to torso
mounting location. The computer program listings of Appen-
dix A illustrate an embodiment of source code mstructions for
an algorithm which may be implemented 1n a computer sys-
tem including a non-transient memory and a storage system
for storing instructions for implementing the source code
instructions, a central processing unit for executing those
instructions, and input/output systems for receiving iput and
other 1nstructions and outputting results and displaying data.
The source code mstructions set forth in Appendix A, which
are mcorporated herein by reference in their entirety, are as
follows:

File Name

hipStepDetector_header

hipStepDetector

neuralNet2 header

neuralNet2
neuralNET4GWeights

tracker2

The steps of the algorithm 1llustrated 1n the source code
instructions are as follows (11 not otherwise stated, calculated
or processed data 1s stored 1n memory for subsequent use):

Sample 3-axis accelerometer data. In this embodiment, the
sampling frequency tested was 1 =40 Hz but any frequency
above twice the Nyquist frequency for the motion will work.
Once the accelerometer data 1s collected from the device,
which may include a smartphone type device, the accelerom-
cter data 1s stored 1n the non-transitory memory of a computer
having a processor.

As 1llustrated 1 FIG. 3, the accelerometer device, repre-
sented by the ring 10, 1s oriented within the navigation frame
11, such that the z-axis 1s up and down from the device, the
x-axis points to the right and lett of the umit device the y-axis
points forward and backward from the device. If the acceler-
ometer device 1s tilted from this navigation or ground frame
(often there 1s a slight tilt when people are walking), a method
of removing tilt must be implemented. Assuming zero (or
near zero) non-gravitational acceleration, the accelerometer
data can be used to obtain a noi1sy measurement of pitch (pitch
data) and roll (roll data) relative to the ground frame based on
the x-axis, y-axis and z-axis data from the device. Tilt data can
then be removed using only the accelerometer’s mput of
x-axis, y-axis and z-axis data. The accelerometer data with
the tilt data removed 1s referred to as first improved acceler-
ometer data, which 1s then stored in the non-transitory
memory. More reliable tilt compensation 1s possible 11 x-axis,
y-axis and z-axis data from a 3-axis gyroscope in the device 1s
also available. In this embodiment, the orientation filter
described below, which uses both accelerometer and gyro
information was used to remove tilt.
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Once oriented 1n the navigation frame, established by the
first improved accelerometer data, gravitational acceleration
can be removed from the z-axis acceleration as follows:

a,=a,-g 5

where a_ 1s improved accelerometer data for the z-axis, g 1s
gravity, and a_ is improved accelerometer data for the z-axis
minus gravitational acceleration.

Pass the sampled accelerometer data (a,, a,, a,) through a
band pass filter to remove any additional blas and high fre- 10
quency noise. In this embodiment, the band pass filter has a
low frequency cutoil at 0.02 Hz and high frequency cutoll at
4 Hz; however, any filter that removes bias and high fre-
quency noise 1s suilicient.

Compute the hip elevation estimate by double integrating 15
the filtered z accelerometer data as follows:

h.==JJa,

The integral 1s negated since 1t 1s desirable to have the hip
clevation increase 1n the positive z-axis direction (1.e., up). 20

Zero the mean. The hip elevation should be a periodic
function about some mean elevation. Because of noise, bias
or other errors in the accelerometer signal the hip elevation
estimate may drift away from the mean. A method for dnit
removal must be implemented. In this embodiment, the mean
was removed from the recent hip elevation data buifer each
time a new value a computed. The butler of recent points in
this embodiment 1s 128.

Find the extrema (i.e., local minima and local maxima).
Each local minimum marks a step. As illustrated 1n FIG. 4, the
local minima occur, indicated by the figure labeled as
“down’, slightly after each heel strike, indicated by the figure
labeled as “contact”. The local maxima occur, indicated by
the figure labeled as “up”, slightly after a passive position,
indicated by the figure labeled as “pass pos”. Smoothing the
signal prior to finding the extrema can reduce extraneous 33
detections. In this embodiment, to reduce extraneous detec-
tions, a test 1s performed to determine that there are no neigh-
boring minima (minima other than local minima) within a 21
sample window including 10 samples before and 10 samples
after. Sample windows of other sizes with n samples before 49
and n samples after each local minima could also be used. If
any neighboring minima are detected within the sample win-
dow, the neighboring mimima are not counted as local
minima.

Classification: a three gait neural network classifier classi-

25

30

fies the gait into one of these classes: .
1. Level (moving 1n the horizontal plane—2D)
2. Up (stairs, ramp, etc.)
3. Down (stairs, ramp, etc.)

While no movement or “garbage™ movement 1s not a neural “

network class, a garbage gait 1s determined 1n a separate
process to denote motion that does not produce displacement
(if 1t does not satisly certain criteria then 1t 1s considered
garbage). For example, running 1n place would be garbage
motion. The neural net used 1n this embodiment 1s a feed-
torward back propagation network thathas 2 hidden layers, as 55
turther illustrated in Table 1.

TABLE 1
Layer Number of nodes 60
Input 67
Hidden layer 1 40
Hidden layer 2 24
Output 3

63
The inputs to the neural net should be chosen so they are

invariant to motion speed, amplitude, and quickly capture

6

changes 1n the subject’s motion. Also the mputs should be
normalized so that no 1nput 1s mnadvertently weighted more
than another value. To accomplish this, classification 1s done
on a per step basis. The sensor data taken over each step 1s
re-sampled to provide 10 values regardless of the motion
speed over the step. The data for each input value 1s normal-
1zed to be between +1 and -1 by referencing a very large data
set of human motion data and determining the range for each
input value. The mputs to the neural network are as follows:
Once a step 1s detected, the t1lt compensated (navigation
frame) angular velocity and acceleration values are integrated
over the step to produce a sequence of angle and velocity
vectors. The angle, velocity and acceleration vectors are then
normalized and re-sampled to give ten values each for the x,
y, and z components of the angle (6., 0,, 0,) and velocity (v,,
v,, Vv,). These are the first 60 inputs noted in Tlable 1. The
subsequent seven mputs noted 1n Table 1 are the acceleration
amplitude difference over the step, max(a, )-min(a_), max
(a,)-min(a, ), max(a,)-min(a,), the posture vector (p,, p,, p.)

(1.e. ortentation vector) at the end of the step, and the index

. . 2 2
where magnitude of the x y plane acceleration, Va_ +a,”,

achieves 1its minimum value. These set of input signals were
selected by testing different combination of mput data and
selecting the data set that produced the best classification
accuracy. The tested signals included acceleration, velocity,
displacement, angular velocity, and angle vectors as well as
theirr amplitudes, means, variances, and sliding windowed
variances.

In the time interval between the local minima (short time
aiter heel strike) and following maxima (mid stride), integrate
filtered x and y acceleration to find the displacement 1n the x
and y directions for each step

d,=lJa,

d,=la,

Note that, for the use 1n finding movement direction, it 1s not
necessary to integrate over the entire interval as long as a_and
a,, are integrated over the same interval.

The translation direction, D, for each step 1s computed as

D=tan™'(d,/d,)

where 90 degrees 1s forward, 0 1s side right, —90 1s backward
and 180 1s side left. The movement direction can assume all
other possibilities between these four cardinal directions.
The 2D movement displacement (stride length) 1s calcu-
lated as a function of the change 1n hip elevation between the
minima and maxima of hip elevation h_. If a simplistic stride
model 1s assumed, as 1s illustrated 1n FIG. 5, 1n which the legs
(length 1) form the sides of an 1sosceles triangle when 1n full
stride, the change 1n hip elevation h, is related to the stride

length by:

smdezz\/ P—(1-h_).

Realistic walking models are slightly more complex, such as
1s 1llustrated by FIG. 4. Other stride length models are pos-
sible without assuming any knowledge of the subject’s leg
length. For example, since d, and d,, are x and y movement
computed across a portion of the stride, another possible
stride estimate would be:

stride=k||d,,d, |

o™

where k 1s a coeflicient that must be estimated, in this case
where the integration interval between the local minima and
following maxima, the distance 1s about haltf a stride so k
should be approximately equal to 2. In the embodiment, 1t 1s
assumed there 1s no access to leg length so a linear function of
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the change 1n hip elevation between the minima and maxima
of hip elevation 1s assumed as follows:

stride=k/:

In the embodiment, k=0.2 millimeters/meter was used and
produced good results.

If the gait 1s classified as up or down, then elevation change
1s calculated based on pressure change.

The accelerometer based translation direction computation
1s complementary to a gyroscope heading: 1t does not capture
standard turns (rotation about the z axis). To produce a com-
plete path, the gyro heading 1s computed, 1n this embodiment,
by summing the changes 1n angular velocity and adding them
to the 1nitial heading, which 1s then added to the translation
direction.

The path 1s updated by applying the displacement vector in
the computed heading direction and the elevation change to

the last point of the path and adding the new point to the path.

Classification of sub-gaits: moving 1n 2D space 1s broken
down to 6 sub-gaits, (1) forward (2) backward (3) side night
(4) side left (5) run (6) garbage, by characterizing each gait
based on the moving direction and other quantities that are
descriptive of these sub-gaits (e.g. variances, mean, magni-
tude, and difference 1n mertial data: including acceleration,
velocity, displacement, angular velocity, and angle over the
time window step was happening). These sub-gaits are not
considered when updating the path location, but are reported
in by the algorithm.

A reliability measure 1s associated with each estimate
based on 1dentifying reasonable human motion constraints on
angle, hip elevation and distance traveled over each step. For
example, the change 1n angle along x-direction should be
bounded within a reasonable range. For each constraint that 1s
not met, the reliability of the estimate 1s lowered. The goal in
computing reliability 1s to provide a method to determine if
the subject’s motion 1s causing the subject to change location
(for example, not just swaying back and forth). In the embodi-
ment, 1f three constraints are not met, the stride length 1s set to
ZEro.

There are two main sources of error 1n the computation of
movement direction that enter into pedometer based 1nertial
tracking systems.

1. Movement 1n a relative direction that 1s not handled by
the classifier (and not captured by a gyroscope or com-
pass); and

2. Placement of the inertial sensors in an orientation other
than what 1s assumed.

These types of errors are diflicult to correct with a compass
or gyro without information on the true heading because they
are caused by either translation of the sensor without change
1in sensor orientation or erroneous initialization assumptions.

Movement direction errors are caused by limiting the pos-
sible directions of motion relative to the sensor. For example,
il a mechanism 1s provided only to classily the motions as
torward, backward, lett, or right (relative to the heading of the
sensor), this classification of the motion mto four possible
cardinal directions leaves room for error. In this case, 1f the
person 1s walking sideways but their body oriented at 45
degrees to the direction of travel, the motion direction com-
puted would be incorrect since the motion relative to the
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sensor would be 45 degrees. As described below, the embodi-
ment enables estimate of any movement direction regardless
of the sensor orientation.

It 1s typical with pedometer tracking systems to assume a
placement location and orientation of the inertial sensor.
Given this information, when movement 1s computed 1t 1s
relative to this orientation so if the placement assumption 1s
incorrect, errors are introduced. For example, 1f a waist
mounted inertial sensor was expected to be centered, but in
fact was shifted off to the left or right by a few degrees, the
movement for each step would have a heading error equal to
the amount of the offset. As described below, the embodiment
provides a mechanism for detection of the offset position.

The tests described below and with reference to FIGS. 6
and 7 show performance of the algorithm in correcting move-
ment direction errors. The data shown 1s for a single subject,
but tests have been performed using the same algorithm with
different subjects with similar results. The step detection
shows an ability to accurately track slow/soit movements as
well as motions that do not fit into the set of classified
motions.

In the tests, the subject wears the inertial sensor at the waist
positioned center front. The subject moves 1n different direc-
tions but maintains a {ixed orientation (facing the same direc-
tion 12) throughout the test. The algorithm 1s able to compute
the relative direction of movement using the algorithm
described above. FIG. 6 A shows a top view (overhead) of the
placement of the inertial sensor and relative heading direc-
tions that are tested, and each of six consecutively numbered
actual gait directions (1—90 degrees, 2—45 degrees, 3—0
degrees, 4—135 degrees, 5—180 degrees and 6—270
degrees). FIG. 6B shows the results of the algorithm’s esti-
mate of the direction for each step over time, with the hori-
zontal lines of the graph indicating the direction degree and
the end points of the vertical lines showing approximate
directions (—180, =135, =90 (270), —435, 0, 45, 90, 135, 180)
that are detected. Most of the end points of the vertical lines
are circles or squares, indicating a high level of reliability, but
one star indicates a low level of reliability.

The test procedure was as follows: With the body facing 1n
a fixed direction 12, the subject walks for 35 meters forward
(1—90 degrees), then still facing 1n the same direction 12, the
subject moves at 45 degrees (2—45 degrees), then walks
sideways to the right (3—0 degrees). Maintaining the same
facing direction 12, the subject walks at an angle between
forward and side left (4—135 degrees), then walks sideway
lett (5—180 degrees), and finally walks backward (6—270
degrees). The table in FIG. 63 reports the resulting algorithm
error 1n terms ol degrees, with the average error over the test
estimated to be 3.5 degrees.

Note that because the subject 1s facing 1n a constant direc-
tion but moving in different directions, a gyroscope would
indicate a relatively fixed heading throughout the test. The
tracking algorithm may combine this new motion informa-
tion from the accelerometer with any gyro-compass tracking
algorithm to provide improved 2-D motion estimation with-
out the need for complex motion classifiers that are affected
by mounting position.

In a second test related to determining sensor orientation,
the subject wears the inertial sensor at varying positions
around the waist while walking forward. The algorithm 1s
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able to compute the orientation of the sensor with respect to
the direction of movement. This may be done using the 1den-
tical algorithm used to compute the relative direction of
movement as above. In this case, the algorithm would have to
detect that the subject was walking forward (perhaps with
another classification algorithm) or make an assumption that
the majority of motions would be forward 1n order to compute
the offset. As 1llustrated 1n FIG. 7A, an overhead view of the
placement of the inertial sensor 1s again shown, and each of
cleven numbered forward directions are noted (1—90
degrees, 2—112.5 degrees, 3—135 degrees, 4—157.5
degrees, 5—180 degrees, 6—270 degrees, 7—0 degrees,
8—22.5 degrees, 9—45 degrees, 10—67.5 degrees and
11—90 degrees. F1G. 7B shows the results of the algorithm’s
estimate of the oflset for each step over time. Again, the
horizontal lines of the graph indicate the direction degree and
the end points of the vertical lines showing approximate
directions (180, —135, =90 (270), —435, 0, 45, 90, 135, 180)
that are detected. Most of the end points of the vertical lines
are circles or squares, indicating a high level of reliability, but
stars indicates a low level of reliability.

The test procedure was as follows: The inertial sensor
starting position 1s center front, FIG. 7A (1—90 degrees). The
subject then walks forward 35 meters, the inertial sensor 1s
then moved slightly to the left of center (2—112.5 degrees),
again the subject walks forward 35 meters. The inertial sensor
1s then successively moved again to locations 3, 4, 5, 6, 7, 8,
9, 10 and back to 11 at 90 degrees, the center front starting
position, with the subject walking forward 35 meters from
cach position. In this test the locations are approximated
based on the assumption that the person wearing the inertial
sensor 15 a cylinder, which clearly they are not. As illustrated
in the table of FIG. 7B, because of the placement uncertainty,
the average error over the test 1s estimated to be 9.2 degrees,
which i1s slightly higher than the previous test.

The step detection and gait direction estimation embodi-
ments disclosed herein can also be extended for continuous
tracking using a handheld or body-mounted sensor unit (such
as a smartphone), without assuming an initial orientation and
allowing for orientation transitions (1.e., answering a phone)
during tracking. The only assumptions made are that

1. The majorty of steps are in the forward direction, and

2. The tilt-compensated yaw orientation between the sen-
sor unit and the person’s being tracked forward direction do
not change unless transitioning.

Upon mitialization of the sensor unit 1n an unknown ori-
entation, the orientation filter, described in more detail below
with reference to FIGS. 8A-8C, will determine the sensor
data in the level frame. This will fix one degree of freedom of
the ground/navigation frame (the z-axis), constraining the
x-ax1s and y-axis to lie along the level plane. In order to fix the
ground/navigation frame completely, the most frequent direc-
tion of translation (assumed to be forward), will be corrected
to the y-axis.

In one 1implementation of an algorithm for calculating the
most frequent direction of translation, the possible directions
of motion are subdivided into direction bins, and a running
average or total of each bin 1s maintained along with the
number of steps 1n each bin. The most or highest frequented
bin’s average 1s considered the forward direction (by assump-
tion). For more reliable detection of forward direction, two
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separate direction bins should be maintained for even and odd
steps. During stable forward gait, even steps will be to one
side of the forward direction and odd steps will be to the other.
These two directions can then be averaged together to find the
torward direction. More sophisticated clustering techniques
can also be used to determine the most frequent direction.
This “step bias™ 1s subtracted from the translation direction of
all steps so that the forward direction of motion will corre-
spond with forward translation. The level filter and most
frequent direction of motion completely specily the right-
handed navigation frame, allowing for consistent gait direc-
tion regardless of orientation as long as the sensor orientation
1s Tairly static relative to the person’s forward direction.

Abrupt changes 1n the orientation of the sensor, such as
moving a smartphone to answer 1t, will change the forward
step bias (affecting the translation direction) as well as the
accumulated gyro measurement (affecting the rotation direc-
tion). These transition periods can be detected by monitoring,
the orientation over a period of time. If this change exceeds a
threshold, then 1t 1s the beginning of a transition period.
During the transition period, the step bias towards forward no
longer applies and the most frequent direction filter must be
reset (although steps can still be detected and an estimation of
the step bias can be retroactively applied at the end of the
transition period). Additionally, since the accumulated mea-
sure of rotation with respect to the body can change during
this transition, the rotation accumulated until the beginning of
the transition period 1s assumed constant throughout the tran-
sition. At the end of the transition period, the navigation frame
must once again be established from an unknown orientation
and step bias, but after the frame 1s established (at least one
step 1s needed), the rotation and translation will again be
consistent.

An additional class of motion, distinguished from the static
handheld/body-mounted class and transition class described
above, 1s periodic movement, such as 1 a pants pocket or
swinging in the hand while walking. This case can be detected
by periodicity in the gyroscope sensor data, which can be
used for step detection 1n addition to, or 1n place of, acceler-
ometer data. By using the gyroscope to extract the step period,
a similar procedure as above could be used to detect the
relative “swing direction” and allow transitions between all
three classes of motion while producing a consistent set of
rotations and translations.

Because many inertial measurement units (IMUSs) include
3-axis accelerometers and 3-axis gyros, by using knowledge
of the gravitational field direction, measurements from the
accelerometers may be used to provide drift free redundant
estimates of pitch and roll that are very accurate when the
personis not moving. Gyroscope and accelerometer measure-
ments may be combined to provide a quaternion based orien-
tation estimate.

Ideally, the gyroscope measurements alone may be suili-
cient to determine orientation. However, due to sensor imper-
fection, noise, and bias errors, such estimates rapidly accu-
mulate error. Fortunately, additional orientation information
1s available via the accelerometer sensors. Assuming the
device 1s at rest on the earth, 1t will experience 1 g of accel-
eration 1n the direction of the center of the earth. This fact
constrains the possible device orientations to a plane that fixes
the pitch and roll with respect to the earth frame of reference.
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Yaw information (earth frame) 1s not available due to the fact
that yawing the device will not change the direction of its
gravity vector. Yaw mformation may be corrected using coms-
pass when good compass data 1s available.

Mathematically orientation estimates may be represented
as a quaternion (a 4-dimensional vector of real numbers). The
quaternion representation 1s used to avoid the singularities 1n
the Euler angle parameterization when pitch approaches
+90°. As 1llustrated 1n FIG. 8 A, orientation estimates 22 may
be developed based on gyro data 20, such as the angular rate
from the gyros, as further illustrated in FIG. 8B, and a tilt
estimate computation 24 based on the estimation of the direc-
tion ol gravity using the accelerometer data 26, as further
illustrated 1n FIG. 8C. This gyro estimate 1s good over the
short term but suifers from bias as well as saturation errors
that cannot be compensated without additional information.
Assuming zero (or near zero) non gravitational acceleration,
the accelerometer data can be used to obtain a no1sy measure-
ment of pitch and roll relative to the ground frame. An
embodiment includes a method for combining the two esti-
mates 1n a way that mitigates their inherent drawbacks.

The gyro and accelerometer estimates are formulated as
quaternion estimates and the fusion ol the estimates 1s accom-
plished via a spherical linear interpolation (SLERP). The
fusion 1s done assuming the gyro computed yaw 1s correct. By
combining the two estimates, 1t 1s possible to take advantage
ol the best properties of both measurements. The combined
measurement eliminates the unmitigated errors in pitch and
roll while smoothing the noisy accelerometer measurement.

This SLERP combination 1s formulated 1n terms of a pro-
portional feedback control loop as illustrated 1n FIG. 8A. The
benefit of the feedback formulation 1s that well known meth-
ods of feedback control can be easily applied. In the embodi-
ment, the accelerometer vector 1s used to perform an error
computation 28 that includes an “error quaternion” and an
“error sum quaternion’ that are fed back into the onentation
estimate 22 update by the gyro measurements 20. In this
sense, the implementation 1s similar to a conventional PI
(proportional-integral) controller, except that the propor-
tional and 1ntegral terms are quaternions instead of scalars or
vectors. The effect of the control 1s that even 1f the gyroscopes
saturate momentarily because the tracking system has expe-
rienced a violent motion, the IMU’s attitude estimate will be
rapidly corrected.

The filter’s state consists of three variables: the orientation
estimate g, the “error quaternion™ q_,,, and the “error sum
quaternion” q_, . . The filter has two parameters: k,, which 1s
analogous to the proportional term “gain,” and k,, which
corresponds to the integral term “‘gain.”

The present embodiment 1s an 1mprovement over prior
implementations at least because the signals used for step
detection and 1nput to the classifier are less atfected by noise
and the 2-D movement direction 1s able to produce any angle
rather than quantizing 1t into one of four possible directions
and because of this the shape of the path 1s more detailed and
accurate.

The methodologies described herein may be implemented
by various means depending upon applications according to
particular examples. For example, such methodologies may
be implemented in hardware, firmware, software, or combi-
nations thereof. In a hardware implementation, for example,
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a processing unit may be implemented within one or more
application specific integrated circuits (“ASICs™), digital sig-
nal processors (“DSPs”), digital signal processing devices
(“DSPDs”), programmable logic devices (“PLDs”), field pro-

grammable gate arrays (“FPGASs™), processors, controllers,
micro-controllers, microprocessors, electronic devices, other

devices units designed to perform the functions described
herein, or combinations thereof.

Some portions of the detailed description included herein
are presented 1n terms of algorithms or symbolic representa-
tions ol operations on binary digital signals stored within a
memory of a specific apparatus or special purpose computing
device or platform. In the context of this particular specifica-
tion, the term specific apparatus or the like includes a general
purpose computer once 1t 1s programmed to perform particu-
lar operations pursuant to instructions from program sofit-
ware. Algorithmic descriptions or symbolic representations
are examples of techniques used by those of ordinary skill in
the signal processing or related arts to convey the substance of
their work to others skilled 1n the art. An algorithm 1s here,
and generally, 1s considered to be a self-consistent sequence
of operations or similar signal processing leading to a desired
result. In this context, operations or processing involve physi-
cal mamipulation of physical quantities. Typically, although
not necessarily, such quantities may take the form of electri-
cal or magnetic signals capable of being stored, transferred,
combined, compared or otherwise manipulated. It has proven
convenient at times, principally for reasons of common
usage, to refer to such signals as bits, data, values, elements,
symbols, characters, terms, numbers, numerals, or the like. It
should be understood, however, that all of these or similar
terms are to be associated with appropriate physical quanti-
ties and are merely convenient labels. Unless specifically
stated otherwise, as apparent from the discussion herein, it 1s
appreciated that throughout this specification discussions uti-
lizing terms such as “processing,” “computing,” “calculat-
ing” “determining” or the like refer to actions or processes of
a specific apparatus, such as a special purpose computer or a
similar special purpose electronic computing device. In the
context of this specification, therefore, a special purpose
computer or a similar special purpose electronic computing
device 1s capable of mampulating or transforming signals,
typically represented as physical electronic or magnetic
quantities within memories, registers, or other information
storage devices, transmission devices, or display devices of
the special purpose computer or similar special purpose elec-
tronic computing device.

Reterence throughout this specification to “one example,”
“an example,” and/or “another example” should be consid-
ered to mean that the particular features, structures, or char-
acteristics may be combined 1n one or more examples.

While there has been illustrated and described herein and
in Appendix A what are presently considered to be example
teatures, 1t will be understood by those skilled 1n the art that
various other modifications may be made, and equivalents
may be substituted, without departing from the disclosed
subject matter. Additionally, many modifications may be
made to adapt a particular situation to the teachings of the
disclosed subject matter without departing from the central
concept described herein. Therefore, it 1s intended that the
disclosed subject matter not be limited to the particular
examples disclosed.
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;FEw
* @File +rark 'ATriFrT ‘= h
* Smatial vectors
¥
* wauthor Kamiar FKordari
* @autnor Copyright 2011 TRE Systems. AllL righk
#
"
rlll,."

#ifndef TRACKER HIPSTEPDETECTOR H
#define TRACKER HIPSTEPDETECTOR H

#1fdef  cplusplus
axtaern 'OV {

gty W N

uintle ¢ stepNumber; // Btep Count
uint32 ¢t sampleNumber; Jf Samples Number
uint32 t lastStepSampleNumber; /7 Liast Step Sample Number
ficat stepLength; // Step Length -- in meters
uint32 t stepTime; /7 Step Time -- number of samples
float stepDirection; /7 The divecuvion the ugey 5 moving (withy
regrect to hody framesg) -~ in radian
filoat he; /7 Hip Elevation ~- i o
intlé t reliability; Jf reilabklity of the directlon estimallonyg
~ an integer in {0,181, the higher the more relizble
filoat locationX; J/ ¥ Locaticn -~ in metsesrs
rloat locationy; /Y Locarvicn -- in meters
fioat facingDirection; /7 The direcrion the wyger is facing -- 7
in radian
uintle t gait; /7 the standaxd numbers tor gaiv ID
uintle t netQutput; // the gtandard numbers for gait ID
double outl;
double out?;
double out3;
double out4d;
double outs:
double cuteé;
} stepTracker;
TRX EXTERN woid hsd init(void);
TRX EXTERN stepTracker* hipStepDetector{flcat axNav, float ayNav, float azNav, flcat v

gxNav, ficat gyNav, float gzNav,

#ti1fdef _ cplusplus
} 7/ extern

froa=h ¢
L

[

£ &3

ulnt32 t sampleNumber,

regsexrved.,

int netQutput, int bSSample);
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\hipStepDetector.c

/‘irulr
* @file
* Detac

#include
#include
#include
Finclude
#include
finclude
finclude
#include
kinclude

ine MIN SAMPLE BETWEEN LOCAL

#def ine
#detfines
#define

trackerj/drifthetect . o
Ls gyro driit

Kamizr Kordar:i
Copyright 2011 TRX Systems, A

<math.h>
<float .h>
<trx/common. h>
<trx/util/modbuffer.h>
"driftDetect .n”
"tracker constants.h"
<trx/stdlib/math.hs>
"hipStepDetector.h"
«trx/tracker/step detector.h:>
BUFFER LENGTH 654
FILTER LENGTH 63
MINIMUMS
S0
1.5

-300

15
MAX SAMPLE OF STEP

MAX STEP LENGTH

LOCAL MINIMA THRESHOLD

static
statac
tatic
agratic
static
statac
ctatic
static
atatic
static
static
ctatic
static

in

cstatic

1
atatio

atat

.....

voild blacksinc(flioat* hh,

modbuf t
modbuf t
modbuf t
modbuf t
modbuf t
modbuf t
modbuf t
modbutf t
modbuf t
modbuf t
modbuf t
modbuf t
modbuf t

intlé t bufflndex
int integration flag

stepTracker st

XX *
YYr
ZZ
xxf;

yyL;
zzL;

heBuff;
heSmoothBuff;
dxf;

dvyit;

angxf ;

angyf;

angzt;

|
o

{0,

vold hsd _init (void)

{

i
+
}

+

intlée €

int sampleRate,

xx_buffer [BUFFER LENGTH] ;

U
t
o0
t

4y
t
b
ct
e prde Bde fete fod

a -
[
P

astat:
static
static
statie
static
atal i
stalbic
static
static

00 n o

3
3
rt

.....

buffIndex
modbuf init (&xx, xx buffer,
modbuf init (&yy,

intle t
1intleé t
intl6 t
¢ intle t
intlé t
intle t
intlé t
intle t
intl6 t
intlée t
intle t
intle €
0;

-
—

vy buffer [BUFFER_LENGTH] ;
_buffer [BUFFER_LENGTH] ;
[BUFFER_LENGTH] ;
_LENGTH] ;
(BUFFER_LENGTH] ;

ZZ
xxf bu
vy bu
zzf bu

ffer
ffer
ftfer

 BUFFER

fioat cutoff,

int

heBuff buffer[BUFFER LENGTH]

heSmococthBuff buffer [BUFFER_ LENGTH] ;
dxf buffer [BUFFER_LENGTH] ;
dyf buffer [BUFFER LENGTH] ;

angxf buffer
angyf buffer|
angzf buffer

vy buffer,

BUFFER

BUFFER
BUFFER _

BUFFER
BUFFER

LENGTH.
LENGTH,
LENGTH.

LENGTH,
LENGTH,

SbuffIndex) ;
SbhuffIndex) ;

N,

int type);
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stepTracker* hipStepDetector (float axNav, flecat ayNav, float azNav, float gxNav, float
int bSSample)

1

modbuf init (&zz,
modbuf init {(&xxf,
modbuf init (&yvef,
modbuf init{&zzf,

modbuf init (&heBuff,
modbuf init (&heSmoothBuff,

modbuf i1nit (&dxf,
modbuf init {(&dyf,

zZ buffer,
xxf buffer,
vyt buffer,
zztf buffer,

dxf buffer,
dyf buffer,

BUFFER LENGTH,

heBuff buffer,

BUFFER LENGTH,
BUFFER LENGTH,
BUFFER LENGTH,

BUFFER LENGTH,
BUFFER LENGTH,

BUFFER LENGTH,
heSmcothBuff buffer,

EburffIndex) ;

EbuffIndex) ;
EbuffIndex) ;
EbuffIndex) ;

RUFFER_LENGTH,
EbutfIndex) ;
EbuffIndex) ;

EbuffiIndex}) ;

modbuf init (&angxf, angxf buffer,

BUFFER LENGTH, &bufflIndex);

modbuf init (&angyf, angyf buffer, BUFFER LENGTH,
BUFFER_LENGTH,

modburt

gyNav, fioat gzNav, uint32 t sampleNumber,
float zztemp=0, yytemp=0, XxXxtemp=0;

int 1 = 0;

int count = 0;

int M = FILTER LENGTH-1; // 40 1is

int limit;

// FILTER {inertial datal

_init (&angzf,

angzf buffer,

float hh[FILTER LENGTH] ;
float hl [FILTER LENGTH] ;
flcat h{FILTER LENGTH] :;

attatcic

float he = 0, heAvg = 0;

float heTemp = 0;

atatic fleoat dx=0, dxFinal=0;
static fleocat dy=0, dyFinal=0;
cstatic flcat heading = 0;

static float xxInteg=0, xx2Integ=0;
static float yyInteg=0, yy2Integ=0;
static float zzInteg=0, zzZInteg=0;
float sampleRate = 40;

float sumHH = 0;

float sumHL = O;

fioat cutoffHH = 0.2/sampleRate;
fioat cutorffHL = 4 /sampleRate;
static float maxHe = -10;

static float minHe = ~10;

int mid;

static uint32 t LastSampleNumber=l;
static flocat angx = Q;

static float angy = 0;

static float angz = 0;

static float maxAngx = 0;

static float minAngx = 0;

static float maxAngy = 0;

static float wminAngy = 0;

static flcat maxAngz = 0;

static float minAngz = 0;

Tloat dmx = 0O;

float dmy = 0;

flocat dmz = 0;

tincat dmh = 0;

ShuffIndex) ;
ShbuffIndex) ;

int netQutput,

the sample rate

LbhuffIndex) ;

"4
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static deuble xxSum2 = 0;
static double yySum2 = 0;
static double zz5um2 = 0;
static doubie XxXSum = 0;
static doubie vySum = 0;
static dcocuble zzSum = 0;

static deuble maXxxVar=0, xxVar=0, maXyyVar=0, yyVar=0, maXzzVar =0, zzVar=0;
static double maXxxSum2=0, maXyySumZ2=0, maXzzSum2 =0;

neuralNetGait t gait;

intlé t counter = 0;

ic int SampleSinceNNStep = 0
L int NNgait;

docuble xyNav=0;

1f (M & 2)
{
M = M+1l; /7 ensures odd lsngth for simpiicity.
1
for (1i=0; 1< {(M+1); 1++)
{
it (1 == (M/2))
\
hh[i] = 2*M _PI*cutoffHH;
hlii] = 2*M PI*cutoffHL;
h
calge
l
hh[i] = (sinf(2*M PI*cutoffHH* (i-M/2)}/ (i-M/2)) * (0.42 - 0.5*cosf((2*M PI*
1)/M)y + 0.08*cosf((4*M PI*i)}/M));
hl[i] = (sinf(2*M PI*cutcffHL*(i-M/2)}/ {(i1-M/2)) * (0.42 - 0.5*cosf((2*M_PI*

i)/M) + 0.08*cosf((4*M PI*i)}/M));
h
sumHH += hhiii;
sumHL += hlI[i]:;

}

for (1=0; i1i<{M+1); i4++)

{
hl[i] = hl[i]/sumHL;
hhi{i] = hh[i] /sumHH;
/7 high pass filtex
hh([i] = ~-hh{i];

}

mid = ceil (M/2);
hh [mid] = hh[mid] +1;

for (i=0; i<{M+1); 1++)
{

J
himid] = hmidl+1;

h[i] = -{hhl[i]+hl[i]);

// CALCULATE HIP ELEVATION
modbuf write{zz, (intlé t) (azNav));

i1f (sampleNumber < BUFFER LENGTH)
limlt = sampleNumber;
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eligae
limit = (M+1) ;

zztemp = 0;
for {(1i=0; 1<limit; 1++)}

4
j

zztemp += (flcat)modbuf read(zz,-1) * h[i];

modbuf write(zzf, (intlé_t} (zztemp});

zzInteg += zztemp;
zzzInteg += zzlnteg;
he = - zz2Integ/40/40;

//modbuf write{heBuff, {intls t} (he*10¢G));

modbuf write(heBuff, (intl6 t) (he*1000)):

heTemp = 0;
if (sampleNumber > BUFFER_ LENGTH)

{
for (1=0; 1«<BUFFER LENGTH; 1i++)
heTemp += modbuf read (heBuff, -1i};
J
I
clge
1
heTemp = he * BUFFER LENGTH;
!

heAvg = heTemp/BUFFER LENGTH;
modbuf write(heSmoothBuff, {intlé t) ((ficat)modbuf read{(heBuff, -0} - helAvg)};

//  x-axis digpiacement
modbuf write(xx, {(intlé t) {(axNav));

xxtemp = 0;
for (i=0; i<limit; i++)
{
xxtemp += (flcat)modbuf read({xx,-1) * hl1];
J
modbuf write(xxf, {(intlé t) (xxtemp)):

PR , o o B T .
/7 y-axig displacement

modbuf write({yy, ({(intlé_ t) (ayNav)};

yytemp = 0;
for (i1=0; i<limit; di++)
{
yytemp += (float}jmodbuf read(yy,-i) * hii];

J

modbuf write{yyf, (intlé t) (yytemp});
heading += gzNav/40/180*M _PI;
xxInteg += (float)modbuf read{xxf,-10);

xx2Integ += xxXInteg;
dx = xx2Integ/40/40;

yvyInteg += (flcat)modbuf read(yyf,-10);
yy2lnteg += yylnteg;



TRXS-0023

23

US 8,930,163 B2

c:\LT KK Tracker2\src\C\common\portable\trx\tracker\hipStepDetector.c

24

dy

for

\

= yy2Integ/40/40;
(i=0; 1<10; 1i++)
XyNav =

modbuf read(yy,-1i)*(flcat)modbuf read(yy,-1)};:

angx += gxNav/40; //
angy += gyNav/40; //
angz += gzNav/40; ”

modbuf write (dxt,
modbuf write(dvt,
modbuf write{angxf,
modbuf write{angytf,
modbuf writef{angzf,

Fi

e

——— |.1J .

Xxxs5um2 += xyNav * xyNav;

XX 5um

XS am
X Sum
yyoum
Yy Sum
ZZ5Uum
ZZ511m

O
o

W

, QA

o G

) IR

Q
5::.

( (modbuf read(heSmoothBuff,-10)

dxFinal
dyFinal
maxHe

fopp—
kel

(integration

if

maxAngx
11

M1NnAngx
it

maxAngy
1f

minAngy
1f

MaxAnNgz

flag)

(modbuf read(angxf,-10)

e E—
w—

+= XyNav;
2 += {flocat)modbutl read{xx, -1, * {({loat)modbul read{xx, -
+= {Llecatimodiouf readixx, -1
2 4= {float)modbuf read{yy,-1i) * (float)modbuf read(yy,-1)
+= {float)medbuf read(yy,-1);
2 += (flcat)modbuf read(zz,-i) * (float)modbuf readl(zz,-1)
+= (flcat)modbuf read{zz,-1i):
= XxSum2/10 - =xxXSum/10*xxSum/10*10/9;
= yySum2/10 - yySum/10*yySum/10*10/9;
= zZzz8um2/10 - zz8um/10*zzSum/10*10/9;
Courd = XXS5umA;
LOUED = VY OUTR ]
Lot s T ZOoRNA ;
Tl o= XmSunmZ/20 - xxXSum/z20*xXxSumnS/20%20/19;
02 = yybum2 /20 - yySun/20%yySum,/ 20%20/12;
T3 = zZzzSumZ/20 - zmBum/20xzz8um/20%20/12; %/

aegireae
gegreae

gegreae

(intl6 t) (100*dx));
(1ntle_t) (L00*dy));
(intl6_t) (l10*angx) ) ;
(intlé _t) {(10*angy)):
(intlé_t) (10*angz));

> maxHe} && (integraticn flag))

modbuf read(dxf,0)/100;
modbuf read(dyf,0)/100;
modbuf read (heSmoothBuff,-10});

> maxAngx)

modbuf read(angxt,-10);
(meodbuf read (angxf,-10)<minAngx)
modbuf read(angxf,-10);
(modbuf read(angyf,-10}>maxAngy)
modbuf read(angyf,-10);
(modbuf read(angyf,~10)<minAngy)
modbuf read (angyf, ~10);
(modbuf read(angzf, -10)>maxAngz)
modbuf_ read(angzf,-10);

1)

r

r

[
!

-+

(Lloat)
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1f (modbuf read{angzf,-10)<minAngz)]
minaAngz = modbuf read{angzf, -10};
1f (xxVar-smaXxxVar)
maxxxvar = xxVar;

1f (yyVarrmaXyyvar)
maxlXyyvar = yyvar;
1f (zzVarmaXzzVar)
maxzzvar = zzvVar;
1f (xxSumZsmaXxx5Sum2z)
maXxxsSumZz = XXSum-2;
1f (vySum2>maXlyySum?2)
maxyysSumz = yySum?2;
if {(zzSumZ2>maXzzSum2)
maXzzSum2z = ZzZSumz;

)
/1l ({sanpleNumber-LastSampleNumnber; ~20)
I
xxsSumz = 0;
yySum2 = 0;
zzSume = 0;
Xxx5um = (0;
yySum = 0;
zzSum = 0;
/7 reset 1L no sitep has been detected in the past MAX SAMPLE OF STEP zamples
if {((sampleNumber - LastSampleNumber):> MAX SAMPLE OF STEP)
i

integration flag = 0O
st.stepDirection = 0
st.stepLength = 0;
st.stepTine = 0;

st .he = 0;

Y N ]

/4 rad

/7 Find the local winima Lhat satisfles the minamum value regulremant, when count is
10 thers 18 such minima

count = 0;

it (({sampleNumber>20) && {((float)modbuf read(heSmoothBuff, -10) <«
LDCALMMINIMAMTHRESHOLD})

{

o (1 l; 1<1ll; 14++)

H

—~—

if{ ({({flcat)mocdbuf read(heSmoothBuff,-10)} <= (flcat)modbuf read
(heSmoothBuff, ~-10+1} )} && {({{ficat)modbuf read(heSmoothBuff,-10)) <«= (float)
modbuf read{heSmoothBuff,-10-1})})

countc+-+;
/7 1f NN detects a stepr, receord Lhe gait type and start a o¢lock
Lf (bSSample)
SampleSinceNNStep = 0;
NNgait = netCutput;
aige

SampleSinceNNStep++;
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st .netOutput = NNgait;
st.he = modbuf read{heSmoothBuff, -10);
;/ for a local wminima tc e valid i1t has to be seperated from the Llast loccal minima
Dy MIN SAMPLE BETWEEN LOCAL MINIMUMS samples
if (count == 10 && {(sampleNumber - LastSampleNumber): ¥
MIN SAMPLE BETWEEN LOCAL MINIMUMS) )
l
et he = 0O
// dntegration flag ==1 means the user has been moving and a lecal minima was v,

recenitly getected
if (integration flag)

{

L} I
;oA

amx
amy
dmz
dmh

f; f
1L

1. L
1t
1if
1t

1t

1t

1t

{

ranges of chanhe fpr angles and nip e

= {maxAngx - minadAngx)/10;

= {(maxAngy - minAngy) /10;
(maxAngz - minAngz)/10;

= {(maxHe - minHe)} /1000;

alculate rellabillty: gounter is

{dmx >1)

cCounter++;

(dmy > 1)

counter++;

{dmz > 1)

counter++;
( (dmh/dmy) <4 )
counter++;

{ (dmz<12)

)

counter++;

( (dmx<7) )

counter++;

( (dmh<9})

coullter++;
( (dmh*dmy*dmx*dmz) >10)
counter++;
( {dmx/dmy) <3)
counter++;

( (segrtf (dxFinal* dxFinal+dyFinal#*dyFinal)/5/1.2)

counter++;

( (counter>7})

F/sb.cutl = xxBSunZ/ {sampleNumber-LastSampieNunbear)
LastSampleNumber) *xx8um/ {sampleNumber~LagtSampiaNumbeyr; ;

/et .ocurl = yviumZ2/ {sampleNumber-_astSanpleNunber)
LastSanpleNunber) *yvSum/ {sampleNumber-LagtSamplieNumbear ) ;

/et . cun? = zegbuml/ (sampleNumber-LastfampiechNumber)
Last8ampleNumber) *zz8um/ {sampleNunber~-LastSamplaNunber) ;

//st.ocutd = xxSuml/ {sampleNumber-LastSarpieNumber)

/st .cuth = yvBunZ/ {sanpleNunber-T.agtSarpielumnber;

Alst,oune = zodumZ/ (sampleNumber-Lastfamp.eNumber;

st.outl = dmh; //maXxxVay;

st.outZd = maxyyvar;

st.outl = maXzzvVar;

st.outd = dmx; //maXzxxIumi;

st.outh = dmy; //maXyy3uml;

st.ocuté = dmz; / / maxzzSumi:

st.sampleNumber

sampleNumber -10;

iy

e w

Jr—

> 0.05)

xXSam/

zZzEum/

(gauplaNunber- o

vySum/ (sampleNumber - p

(sampleNunbher -
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st.lastStepSampleNumber = LastSampleNumber-10;

st.stepDirection = atan2f{dyFinal, dxFinal); f/ rad
st.stepTime = sampleNumber-LastSampleNumber;

/7 Pwo methods Lo calculate step length: {1; fxrom Rip elzvation {2
in x-v plane

st.steplength = {(maxHe-minHe)}/1000/5;

/st steplencth = sgrif{dxPinal/1. 2% dxFinal/l.2+dyFinai*dyvFinaly/5/01.2;
/7 step length cannot be bigger than this thresheld

1L (st.stepLength> MAX STEP LENGTH)
st .gstepLength = MAX STEP LENGTH;

ff extract gait tyvpe from step direction
galit = NN GARBAGE;

st.galt = NN GARBAGE;

1f ((fabs(st.stepDirection-M PI/2))<M PI/4 )

{

H

galt NN FORWARD;
st..gait = 1;

1f ( (fabs(st.stepDirection))<M PI/4 )

gait = NN S5 RIGHT;
st.galit = 6;

J

1f (((Labs{st.stepDirection+M PI))<M PI/4 ) || {((fabs(st.stepDirection- g

M _PI))}<M PI/4 ))

{

gait = NN S5 LEFT;
st.gait = 5;

j

if ({((fabs{st.stepDirection+M PI1/2))<M PI/4} || ({(fabs{st.stepDirection-3

*M PI/2))<M PI/4 ) )

1

galt = NN _BACKWARD;
st.gait = 2;

1f ( (st.stepTime=30) && {(dmh>7))

gait = NN_RUN;

st.gait = 11;

st.stepDirection = M _PI/2;

st .stepLength getStepLength((float)st.stepTime * 0.025, st.gait);

Il

/7 detect stairs up
1t {{NNgail == 3} && {(ma¥zesVar-maXxxVars>9Q00GC) && {(maXxxVar«<53000Q0) G&

-

1f {(maXzzVar-maixxVar>20040) && maXxxVar<iH0000) && {dmy>3101)

L
galt = NN UP;
L
st .gainr = 3
st .stepDirection = M PI/Z2;
st .atepLangth = gebStaplenath{{(floatlgt . stepTime * 0.025, NNgailt;:

FYF

L& (maXzzVar-maixxVar-S000) L& imaXzzVar=80004;
~Go00Y &L (maXeeVar==s84Goo):d

5 i

I A :
1o ¢ {kNgalt =

1 " - ;__-u_rl-;- - — 1'-:' -
1T { (maXzzValr-malixyVear:

{
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ait = NN DOWN:

/! g
' 7 st.gait = &
;r =t .stepbirection = M PI/2:
// =t . steplLength = getSteplengthi{{fleoat}st. . stepTime * 0.0525, Nigait)
/7 }
J/ detect run
/7 1if {{NNgait == 11} && {(SampiedinceNNStep<40;)
Iy 1f {{SampleSincsNNSten<40) && {(dmih»§;)}

/o* if { {(dmh=8))
galt = NN RUN;
SU.gazt o= 15
at..gtepDirection = M PI,

wFa P

4
st.8teplangth = getStepl

;/ detact crawl
J/3iE {{NNgalt == 7} %& {SampleSincelNkRitep«<4Q;:

/i
/4 gain = NN CRAWLED;
/ st.gait = 7

/4  st.gtepbDirectiocon M Pi/Z;
/7 st.sterlength = getSueplhength{{float)st.stepTime * 0,025, NNgait);

1

‘.-'-
-
.

/7ot . he = [(maxHe - minHe; /1000;

st .stepNumber++;

st.locationX += sinf(st.stepDirection + heading) * st.steplLength;
st.locationY += cosfi(st.stepDirection + heading} * st.stepLength;

1T { (NNgait ==255)&& (SampleSinceNNStep<40) && {counter<8))

{

cst.reliability = counter-5;
st .stepLength st .steplLength/2;

Il

}

else
st.reliability

counter;

1

st.facingDirection heading;

!

XxInteg = 0
xx2Integ = 0;
0
0

vylnteg = Uy
vyZ2lnteg = ;
dxFinal = 0;
dyFinal = 0;
maxHe = modbuf read{heSmcothBuff,6-10);

Il

mirnHe modbuf read(heSmoothBuff,-10):;
minAngx
maxAngx = modbuf read{angxf, -10

modbuf read{angxf, -10)

)

minAngy = modbuf read{angyf,-10);
)

)

)

H

maxAngy = modbuf read{angyt,-10
minAngz = modbuf read(angzf, -10
maxAngz = modbuf read{angzf,-10
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34

maXxxvar = xXxVar;
maXxyyvar = yyvar;

moxzzvVar = zzvVar;

maXxxsSums = xXxXs5um2;

maXyysSume = yysSumz2;

maXzzSums = zzSum2;
LastSampleNumber = sgampleNumber;

/7 SET FLAG: INTEGRATION TN PROGREZSS
integration flag = 1;

//Ensure buff index is in range O-BUFFER LENGTH
butfIndex = sampleNumber % BUFFER_ LENGTH;

return &st;

10
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r,,_;'“:1:34'r
* @fil1le tracker/neuvralillet.n
* Naura! Network
*
* Pauvthcer Kamliaxry Korgdarl
* 2author Copyright 2012 TRE Svyvstems, All x
[l ;'l"r
#ifncdel TRACKER NEURALNETZ H

ffdefine TRACKER NEURALNETZ2 H

#includes <trx/math/vector.h>
ginclude <trx/common. h>
#tinclude <trx/stdlib/stdint.h>
#tinclude "neuralNet.h"

ti1fdet
exbern

kendif

__cplusplus
1 CII {

gk
* Neural Netwrk Laver
*
Jrtypedel strust
i
LnLlé U *matrixBasge; /i< Pointer to BN layer welchis
intldéd b nundNodes; i/« Mumber of nodeg in NN laver
intlé t o scaileFacuor: /i le Bgale fﬂﬁtur Lhat has Deen applisd Lo
filoat *nhiss; ffi« N hiiasg vecto
P neuwralNetlLaveaer?2 U
J o x
* Neural Network QCutput Gait Type
""";*'H
J/ovipedsl enum
/74
/7 NN UFSTAIRS = i,
4 I?»IE‘QI DOWNETAIRS = L
"/ NN 2D = 2,
I HNWNﬁME = 3
// /7NN FORWARD = 4,
/7 ffﬁ?mvp « 3,
/o /RN DOWN = 4,
7 4 / /B _GARBAGE = 255
/7
J/ neuralNetGaltdCiass U
IzT
* Initilalizes the Neuvral HNebt Processor
# @param aX pointer L acax modihulIler
* @param ay polnter Lo acoy modpuirer
* Eparam a2 polnter e accz meodouifer
* @param cX polnter o gyrox nwdbuiferxr
* @Fparam gy polnter to gyvroy modputfer
* @param O pointer o gyroz nodbuffey
*/
F/TREEXTERN void inltNeurallNelZ (modbul L *aXx, modbuf L o¥a¥, modbul t YaZd,
modbuf t oY, modpuf bt *gZjo;

exrtern voilid initNeuralNetZ (modbuf £ *aX,

modbuf t *gX, modbuf t *gy,
modbut t *IfX, modbut

jEx

d

* Runs the MN with Lhe lavers egriied for

P

_ modbuft
modbuf t *gZz,
bt *£Y, modbut t *fZ,

_t *a¥, modbuf t *az,
modbuf t *vX, mocdbuf t *vY,
modbuf t *pX, mocdbuf t *pY,

e tracker appligation

modbuf

NN welghtsg

modoul U

_t *aXy,
modbuf t *vZ,

debuf:t *pa});

X g:{ ,

ARK K
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38

'

*ogparam netlInput pointer o NN I1nput n
*

* @Byerilrn output gart

.

J/TRY, BXTERN intle ¢ testiNeurallaetl2{intlé t *neninput);

/S THYX _ EXTERN uralﬂdtualtd”’aﬂﬁ - testiNsurali=st2{int.e ¢

HERY

TRX EXTERN neuralNetGalt t testNeuralNet2 (intlée t *netInput)

{f

1

lﬁt::uUt

;x &
H - - - . 3 L - RN x : L B 1 " e '1"':1!" - -
¥ Runs the NN with z varigble numbsr of lavers
; . -y upa. L _— -:- - -:.-"-1 "E -': e vy, dea - J - -"-{ F"-.- -y -— - -!"'"l-'.h un - LA . ; - 1:1'- n ompede
* This function ig called by testNeurallVet which spegifies the lavers used for trackex
W
¥ DAY an i_n,_ ENodeaes cointer Lo NN 1input nodes
* Gparam auminpubs punmber oI inputs
- - g my e, o L - - e
¥ Fparam FAWL&ETTF numicer o layers
* @Fparam ... variable nuwber of neurallNetliaver t
i
* @return output of NN
’
*‘I
/TR BEXTERN fleat *runNeurvalNetd {(1ntlé t *inpuiNodes, 1ntlé © numinputs, 1ntlé t
numlavers, ..
A
* Gelts the i1nput neodes for the NN over a step

* Gparan startStepindex 1T E 1 medbufier For the gtart of & gtep
{indexed negatively in bLime)

A @A T AN t-t cpStepindax index in medbuiffer for che stop of a step
tindexed negatively in time)]

T eve

st currsaent sample

*ogparam postu sek ek nesture vector

*

* @return pointer Lo NN input nodss
*

TRX EXTERN 1ntlé t *getNetInputNodes2(intlé t

joE

* Getter fory array of outpul values Zyow last neural net

* Uged for net debug and determining net confidence.

W

* dreburn poirnter Lo Ifloat array

-ﬁr,,-’

i — T ™ = oy - ., . o e . o | S I

FATRE EXTERN floaby nun cetOublpUlidArrayi (VQid} )
//TRX EXTERN wvold lnertialBuff init {void]:

g w =y i . B, . e R NS =~ Fom e =Y

7 PTRE “iruﬂm vold 1nertialBuli update{void)
d TRy N ST - Y . w e " - o - i . -
f/TRE EXTERN wold inertiaibButf reset {voidl

modbuaf

-

! ""“‘T{K AT E NN
7Lk EATTEN

I rostures;
f7

ot ot

TR T b e B I-.r-!.n - "ﬁ - .

I'RE BEITERN maodbuf rostureY;

fPTRE BXTERN mockul t posturesd;
gy, T I i B =4 “i': .
ff.AK FYXTERN mocbutf ¢ fxNav:

/7TRX EﬂTﬁEH modbuf ¢ LvNaw;
ffT?K EXTERN m““bqut fzlav;
I;TRK EXTERN modbuf ¢ wvxNav;
fATRY EXTERN mumbu1mﬁ vy Nay;
f/TRXCEXTERN mocbuf v wvaNav;

;ET?X 534335 mﬂﬁbuf axNawv;

- r?

zuf

B _t aykNav;

"

ik
41

;T TRX rXTERh Gﬂbuf r axyNav;
[ /TR EXTHERN modbuf t azNav;

lllll

startSteplndex,

intlé t stopSteplndex);

of outpul node values
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40

#1lfdef  cplusplus

/ exiern "
|
fendif

dendif
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S o

d

Hf1llea tfryacker/neuraiiNest., o
MNeural Network

S

Lo

Fauithor Kamiar Kordgari
* @author Copyriaght 2012 TRX Systems. All right

3 A
s
!

€3
a
(L
I
(D
2
Y
(T
(de

frn
F

4ifdef  C20
S .; aay e " -

" iy ..
H 'i -"'§ " Aty w2 > '1."' "'-._.r' L T R
'1":_ e .,.I-;. fwr lmer Lﬂ\. -:‘-\a.- E“-\.- '-a }"':.-:' }‘{r_. 1}{;. Mo i..-r'l ~|.|-|.h}h fthi-. o ai o -

Hendif

#include
#include
#include
#include

Hinclude
#include
#incliude
#include

#include
#include
#include
#ginclude

#include

<math.hs>

<stdio.hs
<float .h>
<stdarg.hs>

<trx/common.h>

<trx/util/moedbuffer . h>
<trx/util/errors.h>
<trx/math/quaternion.h>

"ann.n”

"tracker.n"
"neuralNet2.h"
"tracker constants.h”

"neuralNet4GWeights . h"

f f bt T wim =-r T Far - Hrir L il Tir it o - [l -1 =n o Y -~ [ ol - b =4 - - b o] - -1 b e L 1] - -~ Ll - e haal "= ™~ --~r e e A T - - e L I o ol b B b | - Lo -t T e e L) n b | THr Hri 4 e ol [ b L B Lo ] e WM T Hrr -
L]

,

static
static
static
static

=tatic
static
static

static
static
stabic

static
static
astatic

srtatic
static
static

mmdhuf”t *axNav;
modbuf t *ayNav;
modbuf t *axyNav;
modbutf t *azNav;

modbuf t *gxNav;
modbutf t *gyNav;
modpbut t *gzNavy

modbutf t *vxNav;
modbuf t *vyNav;
modbuf t *vzNav;

modbuf t *fxNav:
modbutf t *fyNav;
modbuf t *fzNav;

modbur t *paostureX;
modbuf t *pastureY;
modbuf t #*postureZ;

:f{f ___________ amr v e e e e e v e e wm wm o e e wm mm e wm wm mm om e e ee em e em m er wm em mw e e mm e e ma mm e o e e wme s we ma e e e na e e e e
tdefine INPUT_NODES_ SIZE 57

#define RESAMPLE SIZE 10

AL LEm REL O EAL SEar ESS S Jrm PR R B e e e mm renh Em ams e s o vl o v - v e v cwwl amk e deer wrw b e ek e e b ek ek b s e s ke e’ b e e e e e vwm ik s e e i e e W e e b e e s e - s s ms e - e e Taw

//etatic veild removeRBias{intié t *sreo, uintlée © len};
static void upsample2 (intlé t *src, intle t *dest, uintlé t srclLength, uintlé t
destLength) ;

//etatic void procesgietlaverinsurallNethayer2 t *inputlayer, neuralilletiayer2 t© *

O
fTicat *outputVector:;

Frey e
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i

//static intlé t© scaleFleoatZInti{flioat *fVec

//static intlé T  getMaxExp {float *x, 1iatlé

static float tansig({fioat x):

static inté4 t getNodeSum2(intlé t *inputData, double *weightPtr, intlé_t numInputs);

intle t *getNetInputNodes2 (intlé_t startSteplndex, intle_t stopSteplIndex);

vold initNeuralNetz (modbuf t *aX, modbuf t *a¥, modbuf t *aZ, modbuf t *aXY, modbuf_t *gi
, modbuf t *g¥, modbuf t *gZ, modbuf t *vX, modbuf t *v¥, modbuf t *vZ, modbuf_t *iX, »

modbuf t *fY, modbuf t *fZ, modbuf_ t *pX, modbuf_ t *pY, modbuf_ t *pZ); v

<

WRRRE T R e

" q

£
bt g
-
&

intle € *ivector, 1ntiée t len);
1
!

¢t

'rr [ 3 11 - T 111 ran TS T ETLY 'TT] anm [ 1k Fan [T drk- 1T 444 BT - (13} 1T (T3 TTEl [I13 L TE] NTL [L" ] [ 11} FLLT "y - [SY] ey L LKl mEn amm - L Ll pum gdn wwrh [11] amds o e [ 11} [EL] iR L] [ 1] [ 111} =FEF (L] [ 11] L1a B FH an4d ELE L L FFl Ll | TrP ipmm y= e mrs vre - == Ll m= -mu LR ram T - LLE L . - rra

ks |

static float netOutputArray [NUM CUTPUT NODES}; //EHolds copy of iast computsad ocutput Ve

Noeg

; :ij. ——————————————————————————————————————————————————————————————————————————————
float* nn getOutputArrayz (void)

recurn netOQutputArray;

veid initNeuralNet2 (modbuf t *aX, modbuf t *a¥, modbuf_t *aZ, modbuf_ t *aX¥, modbuf t *gXyg
, modbuf t *g¥, modbuf t *gZ, modbuf t *vX, modbuf t *v¥Y, modbuf_ t *vzZ, modbuf_t *fX,

modbuf t *fY, modbuf t *fZ, modbuf t *pX, modbuf t *p¥Y, modbuf t *pZ) v,
{

axNav = ax,;

ayNav = a¥;

axyNav = aXy;

azNav = az;

gxNav = g¥X;

gyNav = gY;

gzNav = gi;

vxNav = vX;
vyNav = vY;
vzNav = vZ;
fxNav = L[X;
fyNav = £7;
ftzNav = tZ;

posturex = pX;
postureY = pY;
postured = pi;

inté4 t getNodeSum2 (intlé t *inputData, double *weightPtr, intlé6_t numInputs)

1

long long sum = 0

uintle t 1i;

double testl = *weightPtrr;
intlé t test2 = *1nputData;

for (i=0;i<numInputs;i++)

{

sum += (*inputData++) * (*weightPtr++);

J

refurn suml;,
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//neuralietGalit4llass ¢

FegciNeuraiiNstZ (intlise <

neuralNetGait t testNeuralNet2{intlé t *netInput)

&

} fr iilt 1 6_ L

r

tloat* netout;
intlé t 1, k;
intlé t maxIndex;
Flcat maxValue;
double cutputVectarl
double cutputVector?
double cutputVector3

tEEtEEEEEEHEEE{iEtlﬁm?

[

4

i

(1

T IEZ?E £ )

L)

(40];
24] ;
(3]

*net Input )

double nodeSum 0;
intlé t *weightMatrix

&hiddenWeightl 2;

for (o = 0;1 <« 40; 1++) // for each cubpul

{ nodeSum = 0;
fer (k = 0;k <« 67; k++) // for each laput
{ ncdeSum += (double)netInput [k] /10 * hiddenWeightl 2[67*1+k];
};{dﬁuhie}getﬂﬁdeSHmE{nEtIﬂput; EnzddenWeightl 2, 67);

nodeSum += hiddenBiasl 2([1];
cutputVectorl [i] _tansig{(float}nodelum);

j

FrnetTnput

dd
—

ouiiputVeotorl;

nodeSum = 0J;
for (i = 0;1i < 24; i++)
{
nodeSum = 0;
for (k = 0;:k < 40; k++)
{
nodeSum += outputVectorl|[k] * hiddenWeight2 2[40*1+Kk];
}

nodefSum += hiddenBias2 2[1];
outputVector2 [i] _tansig((fleoat)nodeSum) ;

—
—_——

F/netinput cutputvVectorz;
nodeSum = 0;
for (1 = 0;1 < 3; 1++)
nodeSum = 0;
for (k = 0;K < 24; k++)

nodeSum += outputVector2l[k] * outputWeight2[24*i+k];

}

nodeSum += outputBias2(i];
outputVector3 [1] _tansig{(float)nodeSum);

anam
—_—

!
maxvValue = -100;
for (1 = 0;1 <« 3; 1++)
{
if (outputVector3[i] > maxValue)
{
maxValue = outputVector3[i]:;
maxIndex = 1;
}
}
if¥ {maxValue>-0.5}
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gawitch {(maxIndex)

case O
//return ins
retuxrn NN _UP;
break;

cagss 1
S /return ineuralietGaib b
return NN _DOWN;
break;

case 2:

Slreturn (neurallNelfGait ©) {13 ;
raturn NN 2D;
bhreal;

£
3
Li3
—
¥
|
D
1
4]
Gl
=
.!"".l"
i1
o
i.d
—art

Tmpge
i
T
-y

|
return NN _GARBAGE;

ass t) imaxindex+li;

/7 reEburn (neurslNeLGaitdl
I raturn {maxIndex+i

f7f1lecar* runNeuralNet2iintlée bt *inputNodes, iatle t numinputs, intlé bt numlayers, . .

_—

' —

.ﬂf;i

a

/7 FF Variabkle arg field holde polntsres o neuralNeilayers
II' o

r )y

f/ Antle boo1;

/7 static float cutpul (MAX RUDES];

'/ tatic intliée t escl thdt{MnH NODES} C30 ONLY{ YRS3{Z};; // Note: static in order to

U‘.ﬁ

cnsure Space attrisute.

I suralNetlayersZ t input; i/ Create net luput layvel
A

uslng input dat

//  rneuralletlaverz bt *lavexrs NUM LAYEKS]; f/ Brray of pointerg Lo neural
neb wlsght lmypls,
.Ir.l'
4
/ va list ap;
'/ wva starvt{ap,numi.ayers); 7 Tnit varliable argument lis

Y Eor (1 0= 0; 1 « numlayers; i++) f/ Copy laver pointers Lo
-/ Laversii] = va avglap, neuralNetlayerZ t *};

// input . omatrizBacse = IaputNodes

/7 input . numNodes = aumInpubs;

f/ inpub.gcalelFactor = 1bh;

Jf inpubt.bias = NULL:

fjf’j for (1 = 3 i < IlLlLﬁLﬂyE‘f_ l-f‘1
.Fff’r {

l/ procesgNstlLavyer{&input, laversiil, output): A7 Multiply input by weic

and write output for Laver.
f,r‘; LT '§: -

then format output of this laver Lo be lnput Lo next.

"“u..r
T
—

-

/ it scalePachor _sealeFloatzZint {outnu geCutpul, lavers il -snumdiodes)
/ Counveryt [loats to Lca]vd; Tixed-point veotorn.

Iy inpul.matrixBase = gelubpubt;

/ Builld inpubt for next iteratlon.

-th .
-

i/ input.aumNodes = lavers[l]} -=nuanilodes;
;Y input . &calafactor = scaleFactor;

ACE T R
o 2 A AL

= {numbayers -~ ;) /4 1F net last laver {cuhpuin),

4

W

W
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lF 4 - - _-' . !
i/ va endian:

F 3
FoF
L e amy A e —a e w
S TelurTl Ol i f

!f :‘I J'

intlé t *getNetInputNodes2{intlé t startSteplIndex, intlé t stopStepIndex)

{

static 1ntls t inputNodes [INPUT SIZE];

intlé t tempBuff[128];

intlé_ t numSamples;

intlé £ 1;

float3xl postureVector:

uint8 t nnFlagsIndex;

nnFlagsIndex = 6*RESAMPLE SIZE;

numsamples = gtopSteplndex - startSteplndex + 1;

postureVector.x
posturevVector.vy
posturevVector. z

(float)}modbuf read(*postureX  StopSteplIndex);
(fleat)modbuf_ _read(*postureY ,stopSteplndex);
(floav)modbuf read(*postureZ , stopStepIndex) ;

i

modbuf copy (*fxNav, tempBuff, -numSamples-+l, numSanmples};
_upsample2 (tempBuff, &inputNodes [0 * RESAMPLE SIZE], numSamples, RESAMPLE SIZE);

modbuf copy (*fyNav, tempBuff, -numSamples+1l, numSamples);
_upsample2 (tempBuff, &inputNodes[1l * RESAMPLE SIZE], numSamples, RESAMPLE SIZE);

modbuf copy{*fzNav, tempBuff, -numSamples+l, numSamples) ;
_upsample2 (tempBuff, &inputNodes[2 * RESAMFLE SIZE], numSamples, RESAMPLE SIZE);

modbuf copy{*vxNav, tempBuff, -numSamples+l, numSamples);
_upsample?2 (tempBuff, &inputNodes[3 * RESAMPLE SIZE], numSamples, RESAMPLE SIZE);

modbuf copy{*vyNav, tempBuff, -numSamples+l, numSamples};
_upsample2 {(tempBuff, &inputNodes[4 * RESAMPLE SIZE], numSamples, RESAMPLE SIZE) ;

modbuf copy(*vzNav, tempBuff, -numSamples+l, numSamples);
_upsample2 (tempBuff, &inputNodes|5 * RESAMPLE SIZE], numSamples, RESAMPLE STZE)};

inputNodes [nnFlagsIndex++]
A Bmplitude az
inputNodes [nnFlagsIndex++] = modbuf amp(*axyNav, startSteplIndex, stcpSteplndex);
J/ Amplitads axy
inputNodes [nnFlagsIndex++] = modbuf amp(*azNav, startSteplndex, stopSteplndex);
S/ RAaplitbude az
inputNodes [nnFlagsIndex++]
/i Posture x
inputNodes [nnFlagsIndex++]
S/ FPosture v
inputNodes [nnFlagsIndex++]
f/ Pogture z
inputNodes [nnFlagsIndex++] = (1ntlé t) ( (mcdbuf minIndex{(*axyNav, startSteplndex,
stopStepIndex) - stopSteplIndex) / (flcocat)numSamples *1000);: // Min axy 1ndesx

modbuf amp(*azNav, startStepIndex, stopSteplndex);

(intl6 t)postureVector.x:

(intlé t)postureVector.y;

i

]

(intlé t)postureVector.z;

S/ o normalilize input
for (i=0; i<INPUT SIZE; i++)

inputNodes [1] = (intls t) ((1 + coeffl[i] * (inputNodes{i] - coeff2[1])}*10);

return inputNodes;
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52

r'lF .’f
/ /COMMENTED
i

[/ixx

/0 Subtract
FiorS
[istatl

)

10 Havh

j'l |
F74
7/ LTL lf:;_wt 17
F T " i ol
i/ ..LILL,.LE\_“L QL Ime
] ri'
b
‘ i ! ot ; " - K
Fa for (1 = 0,
f; ;1" s LN I___:L_E. —

)
*A"

static void upsamplezZ2{intlé t *src,

destLength)
tloat sampleT
intlée £t 1i;

for (i 0;

{

i

Float ¢
intlée t
float

if {1 ==
celge 1
elge

{

f

intleé t slope

removehlas s

1 « leri;

sro iz —

<

(

Q)
(1 == destLength - 1)

dest [1]

nis by connecting with S

SPACE

'|:‘_'_ WO

W .he ka7

- Y
2+ +;

offset;

e
.

tralght iines and then

1) 1) ;

/ {destlLength -

(float) {(srcLength -

destlLength; 1++)

figat})i * sampleT;
srclindex
fract

(int16 t)ceilf (t);
t-flooxrf(t):;

—
-

destfi] srcf0] ;

dest [i] sreclsrcLength - 1]1;

srclsreIndex] - srelgsrceIndex - 1] ;

src[srcIndex - 1] +

i
L

"
samples

intl6 _t *dest, uintlé t srclength, uintlé_t

{intlé_t) ({float)slope * fract):;

jfi:'ﬁ.
* Multiplies input values by weight layver and writes gubpulb vector Lor layver.
"c"i';ff
Jivoid processNetlLaver ineuraliNetlaysyl © *finputlayer, nsurallNetiayerZ L *welghtLayer,
float *outpuiVector)
#
sj!{
/7 antlé €t oi;
/4 intlé t fweightMatrix = welghtlayear-smatrixBase;
/4 Lor {1 = 0r1 < {welghtiaver->numniNodes); 14+
f {
[ ,
/ double nodeSum = {doublelgetNodaSuniinputlaver-smatrixBases, waightMatrix,
inputlLaver-snumiNodeg) s S/ Sum of products
/7 nodeSum = ldexpinodeSum, - {(inputlaver-sscaleFactor + welahulayver->sceazlerfact
; /7 retuns x*2 scale¥Factow
rof
&

if

I J L - £ — e g
/f nodeldum += {weigl
Fo7
.if .l'"
3 e — ~ F o= - Pl oy ] : I O .
;i outputVectorii) = tans:ig(ifioat;ncdebum); /7 Pass

//8dd bhiasg nodes

-y
W

zre 1f reguirad.
t = NULL)

3
1itLayer->blas (11} ;

- B
[.M!
Iy

.TI

through sigmoid

C

X

4

"4
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/7 welghtMatrix += {inputlayer->numiodes); /7 HMove pointer Lo next Ycolumn® g

of welght wmabrix,
;7 ?

e F

2
;R

¥

=

that will allow maximunm fixesed point v

ot

* Determines zcals factor for vector of flos
resolution.
* Writeg seoales fix

amount) .

]

1

201 ittt wvestor Lo iVeotory and ratuins powesr ©f 2 zca

g
r

% /
//intle t  scaleFleoatlint {flcat *IVector, inulée oL *aVector, intis t len; v

/ innle to1g
I ; 2 A e . .- ~ -y - - - -
J/ intie £t n o= getMaxZExp{fvectcr, len);
¥ - . b ' A / b :-"'J 1|'|- - g T o - T _.I- -r"'l‘
/7 intle t =T = 14 - 13 // Maxliwmim soale fTacuor which v
Dreserves Sign.
." J
$f
I Toy (1 = (0;1 <« len; 144
S f iVectorfil = {inti& t}ldexpf {(fVectoriil!, si;:;
J‘l Illl
Ly

£
I,.J:'ﬁ‘

* Determines maximum exponent (power of 21 for z2ll elements in arvav. ilged for scaling o
array to Lixed pointi.

a

J/1ntls & getMaxExp{fioat *zx, intlé t len; v

t
3
!
H
h
>
i

dog

.-"'."'liL

' intle ©ooi;

/S int n;

;Y

/ fioat max -~ FLT MIN;

> omax)
max = sxbil;

L

1t ixmis

-~

;
lli'
f.l'
S foy (i = 0; 1 <« len; i+4+)
I
f
/
r
i
¥

L"H""

~— r

f

/ frexpflimax, &unj:; [/ Returns Ifractional part in fract and a2xXp in n.
/ return {intlé ting

/

R

T

acout

£

* Ziamoid for neural nst node ocuputs. OQutput range -1 to +1, working Lnpul rang
-4 to +4.
o '_f

float tansig{fioat x) /

float result = (2.0f / (1.0f + expf{(-2.0f * x})) - 1.0%L;
return result;



US 8,930,163 B2
55 56

TRXS-0023

c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h 1

J k%

* ®flle tracker/neuvralletWeignts. i
Neural Network Weights
Basged on NetbData from Matlab Tralnsr
Crezted on 27-Mav-<011
* Total Samples: 198

%
Training Accuracy: §5.08511%

R S

=.F.

Y o@author John Karvounis
*o@author Copyright 2010 TRY Systems. A1l rights resevved.
“ /

#1fndef TRACKER NEURALNETWEIGHTS4G H

#define TRACKER NEURALNETWEIGHTS4G H

#include <trx/stdlilb/stdint.h>
#incliude <trx/common.h>

#ifdef  cplusplus
extern "CUP o
tendif

#fdefine RESAMPLE SIZE 10

#define INPUT_ SIZE 6*RESAMFLE SIZE+8
#define NUM_INPUT NODES &7

#define NUM OUTPUT NODES 3

#define NUM HIDDEN1l NOCDES 40

#define NUM HIDDEN2 NODES 24

#define MAX NODES 40
#define NUM LAYERS 3

ffdefine WEIGHT SCALE 1
f/eEdetine WEIGHT SCALE 16
#delfine QFACTOR 1

S iEdefine QPACTOR 4

#define Q4 (X) ((X « 0.0} 7?2 (iﬂth_t}{WEIGHT_SC&LE*{X) - 0.5} - (iﬂtlﬁﬁt)(WEIGHTMSCRLE*{X}Q'
+ 0.5))

fFifdef WIN32

#define  attribute (x)

tenndif

A Matrlx Dimensions = (320X 24%
double outputWeight2([72] = |
0.64763,
5.8625,
-0.0481¢64,
2.9745,
~-0.0305286,
0.25144,
-0.17123,
-0.088083,
1.5671,
-1.1423,
2,0317,
0.427836,

0.530456,
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-0.87514,
-0.57133,
1.21009,
-1.3185,
~0.31143,
-0.79605,
0.40905,
-0.62763,
0.28546,
0.18614,
0.52723,
-0.82745,
1.412,
~1.20473,
-0.97718,
0.35123,
-0.56837,
1.3508,
-0.033384,
~0.32695,
0.0032747,
~-0.23916,
0.4618,
-0.29954,
0.97607,
0.47231,
-0.072637,
-4 .5601,
0.B0742,
0.9678,
-1.4611,
-0.322,
0.30035,
0.25556,
-0.2668,
~-0.16394,
-3.6279,
0.8625,
-0.69898,
0.27996,
0.35825,
0.15969,
0.B82688,
-0.3253,
0.38175,
~-0.93174,
-0.52846,
0.42284,
-0.47425,
0.035289,
-0.21609,
4.5502,
-0.49407,
0.30292,
0.2E5176,
-0.61756,
~-0.28307,
0.23326,
-0.36736

A/ Matrilix Dimensionsg

double outputBias?z
-1.2637,
0.10392,
-1.3808};

3]

[T E ]
L

H
i

—— L

X
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60

/7 Matrix Dimansions = (24 X 40
double hiddenWeight2 2[960] = |{
0.0881363,

0.139242,
0.928567,
~0.851364,
0.219762,
0.402008,
1.5495,
0.60768,
. 763452,
419021,
.319551,
201447,
. 760106,
-2 .80226,
0.210789,
0.925989,
-1.23309,
0.712006,
0.588622,
0.159141,
3.11227,
-4.01779,
0.689561,
2.14507,
-0.0823161,
-0.241223,
0.870697,
0.248519,
14 .4432,
2.76535,
0.218675,
-2.23721,
-0.357319,
-1.65183,
1.9889,
-0.209211,
1.49886,
~-0.18%9621,
-0.682063,
-1.38415,
0.0Q0763575,
~0.0349825,
~-0.318832,
0.157398,
-0.472432,
-0.575526,
0.20524,
0.182889,
0.302962,
-J.266081,
-0.0433244,
0.273206,
0.461477,
~0.345839,
0.000538128,
0.0675409,
-0.0487088,
0.392533,
0.289502,
-0.0801463,
0.391678,
0.113548,
-0.318657,

o O O O O
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0.20855,
-0.339036,
-0.0986847,
0.149775,
0.0653375,
0.0926672,
0.165449,
-0.250848,
-0.0925336,
0.667156,
0.21857,
-0.159547,
~0.327648,
-0.308131,
-0.394841,
0.163192,
-0.106019,
0.178264,
-0.0435004,
-0.267454,
-0.0515859,
-0.407128,
0.216668,
0.156071,
0.0645605),
0.896127,
~-0.0318275,
0.0618403,
-0.0283257,
-0.963194,
-0.509735,
-0.139394,
0.30144,
-0.130731,
0.601487,
-0.412174,
-0.151746,
-0.983379,
0.631466,
0.23468,
0.445981,
0.462076,
0.511147,
0.184528,
0.564597,
0.058091,
-0.33054,
-0.626835,
-0.200752,
0.340924,
0.323557,
0.272199,
-0.647322,
0.911483,
-0.395693,
0.184391,
-0.459443,
-0.255996,
0.438151,
0.249649,
-0.491909,
-0.1832475,
0.237441,
0.198435,
0.416295,
0.281099,
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0.205118,
~0.5119134,
-0.14485,
~0.567121,
-0.280447,
0.00653037,
0.163404,
0.215064,
-0.753196,
-0.0497896,
0.148187,
-0.0615988,
0.204123,
-0.304652,
-0.618665,
0.260427,
0.0502073,
~0.600519,
-0.0929236,
0.284854,
0.326124,
-0.536832,
-0.390805,
-0.342839,
0.0585118,
0.164656,
-0.247467,
0.55B8642,
0.0922916,
-0.353232,
-0.0824706,
-1.51491,
-0.109544,
-3.40489,
0.40952,
-3.15073e-005,
-1.25362,
0.304323,
-0.33162,
-0.986605,
~0.102813,
0.942386,
0.484448,
-1.13091,
0.0689883,
-2.54745,
-0.0354012,
1.36306,
0.651314,
~4.703204,
-1.67471,
1.91454,
0.0538906,
0.666503,
-0.329105,
0.503911,
1.0209,
3.77141,
1.60083,
10.7174,
0.418737,
-1.52675,
-0.519973,
~0.208585,
-4,89023,
-2.56779,



US 8,930,163 B2
05 06

TRXS-0023

c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

~-1.98336,
~-1.,38765,
~-0.888477,
~3,77129,
0.564675,
~0.304354,
-0.,33123,
~-0.,329975,
-0.0385911,
-0.336938,
-0.253404,
-0.00282054,
-0.0598246,
0.331785,
0.242172,
-0.110854,
0.164067,
~0.573241,
~-0.374151,
-0.950158,
0.756733,
0.0144056,
-1.07147,
0.302857,
-0.190965,
0.241784,
0.630074,
-0.,253224,
~-0.393388,
~0.371723,
0.952803,
-0.444076,
-0.3876,
-0.147752,
-0.210545,
-0.313867,
~-0.380032,
~-0.411394,
-0.23417,
0.0284031,
0.166284,
~0.062535,
~0.277469,
-0.238939,
0.265014,
0.408614,
0.387048,
~-0.217801,
0.382711,
-0.0311636,
0.370984,
0.0648373,
-0.00551236,
0.174792,
127529,
156316,
.28%8142,
.164399,
-0.0356254,
-0.00547745,
-0.116062,
0.124703,
0.625887,
0.0507235,
~0.187065,
-0.515962,

O O O



US 8,930,163 B2
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TRXS-0023

c:\LTHKK;Trackerz\Src\C\cmmmmn\pmrtable\trx\tracker\neuralﬂet4GWeights.h

0.03B4151,
-0.267737,
-0.00983628,
0.102399,
0.31581,
0.335197,
-0.173715,
-0.00506316,
0.324135,
0.129103,
0.170736,
0.295934,
-0.0363007,
-0.0970499,
-0.421679,
-0.175533,
-0.129467,
0.12263,
-0.297214,
-0.411654,
0.671349,
0.366114,
-1.03787,
-0.929823,
-1.13372,
0.262558,
0.0689158,
1.32406,
-0.637767,
-0.346445,
-0.370299,
-0.862253,
~-0.260753,
-0.313933,
0.330291,
-0.152182,
-0.345912,
0.175924,
0.231362,
-1.1705,
0.959127,
-0.26942,
-0.169979,
-0.251687,
0.262756,
-0.186636,
-0.356337,
-0.556116,
0.0142519,
-1.41427,
~1.16959,
-0.624842,
0.345317,
0.0738373,
0.115841,
3.27566,
-0.659552,
0.024296,
-0.0734728,
-0.0222899,
0.516124,
0.335068,
0.278399,
0.0636357,
-1.91536,
1.5223,



US 8,930,163 B2
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TRXS-0023

c:\LT KK Trackerz\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

-0.0976427,
1.11485,
0.28438,

-0.668165,
-0.3564432,
2.782,
0.394697,
-0.587127,
0.0685583,
0.60625),
0.959049,
0.278515,
-0.756948,
~-0.302136,
-0.127544,
-0.05008B48,
-0.658133,
-0.119952,
-0.341525,
0.483519,
0.346208,
-1.8159,
0.319319,
0.214151,
0.225277,
0.0173305,
0.272315,
-1.39499,
0.135175,

0.51043,

262296,

.196011,

.178151,

415431,

314767,

.103614,

.104339,

316675,

L,437485,

428596,

-0.0953401,
-0.0578853,
0.375967,
0.212251,
-0.0678925,
-0.737334,
0.470077,
0.406375,
-0.,111649,
~-0.36365,
~-0.0273985,
0.0462989,
0.190562,
-0.343602,
-0.445049,

0.000417403,

-1.26811,

-0.0141897,
0.27346,
0.553941,
0.0351974,
-0.556779,
-0.128812,
-0.49483,
0.0270809,
-0.129546,

I
o O O O 0 o000 0
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

-0.0966194,
0.10733,
0.340055,
0.435211,
-0.071294,
-0.00829867,
0.348511,
0.109644,
0.0690078,
-0.130555,
-0.254971,
-0.250651,
-0.408638,
0.322534,
-0.180532,
-0.16184,
-0.102422,
~0.284484,
-0.53184,
0.17549,
-0.357354,
-0.0993558,
-0.171589,
0.0777367,
-0.176657,
0.469567,
0.309552,
-0.0131926,
0.0652947,
-0.0762773,
0.0859924,
-0.00905683,
-0.263628,
-0.449462,
0.00942849,
0.304666,
0.0225031,
0.22448,
0.00540397,
-0.0702931,
-0.173191,
-0.264885,
-0.196947,
0.216882,
-0.158647,
-0.177226,
-0.194061,
0.221228,
0.470489,
-0.236515,
0.687625,
~0.314651,
-1.56935,
-0.491461,
0.210596,
0.426297,
-0.03249439,
-0.0285897,
0.20518,
1.351,
0.0544534,
0.355821,
-0.0821361,
1.73356,
0.327004,
-0.335734,



US 8,930,163 B2
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.02139,
1.75079,
0.0380831,
0.12011,
-0.566927,
-1.13515,
-0.660889,
-0.485469,
0.0560039,
5.64746),
0.398122,
0.288544,
-0.371934,
0.371553,
-0.198283,
0.641438,
0.307416,
-1.28673,
-0.0500062,
-0.103199,
-0.214289,
-0.303796,
0.0892732,
.0410639,
.634542,
.102105,
.9865938,
.105531,
.357044,
-1.05716,
0.0540257,
0.0500343,
-0.159466,
-0.906806,
0.252039,
-0.00295854,
0.165179,
0.438205,
0.00384684,
1.83423,
0.142735,
2.56829,
1.0197,
0.4126895,
-0.916938,
0.112508,
-0.2964,
0.124327,
-0.634562,
-0.00733372,
-0.122419,
-0.722899,
0.09185786,
0.715234,
~-0.386857,
-0.337842,
~0.174148,
0.74381¢9,
0.232763,
0.29894,
0.267461,
0.595898,
0.36961,
-0.65226,
0.176114,
-0.242842,

o O QO Q O

10
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c:\LT KK Tracker2\src\C\commoni\portable\trx\tracker\neuralNet4GWeights.h

1.13294,
~-1.36358,
-0.0514287,
0.263347,
0.143036,
0.0926643,
-0.328631,
0.408715,
-0.225429,
0.114173,
0.45941,
-0.115268,
-0.491444,
0.199467,
-1.43575,
0.233313,
-1.05171,
-0.538033,
2.19383,
-0.2459244,
0.162166,
0.753893,
0.20839,
0.307213,
0.0772106,
-0.0432765,
-0.0582523,
0.310245,
-0.177424,
0.221983,
0.0205233,
-0.679985,
-0.0479245,
-0.0822717,
-0.6429,
-0.2220098,
-0.129328,
0.415191,
0.37204,
0.210821,
-1.40857,
-0.104835,
-0.0934059,
-0.466036,
-0.109867,
-0.272358,
-0.050686,
1.67705,
-0.00268577,
0.328695,
-0.327191,
-0.359712,
-0.533439,
0.411922,
0.223723,
0.524524,
1.02756,
0.404005,
-0.125725,
-0.106248,
0.470582,
0.571966,
-0.0603942,
0.0427615,
-0.124735,
-0.0575803,

11



US 8,930,163 B2
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c:\LT KK Trackerz2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

78

0.448627,
1.38514,
0.143535,
-0.200585,
0.2118,
-0.477316,
0.166029,
-0.0937391,
0.453299,
0.20779,
0.221127,
1.04426,
-0.128839,
1.17749,
0.805677,
0.820223,
-0.305816,
~-1.52713,
0.338131,
-0.241409,
-0.20436,
-5.1655,
-0.260902,
0.0225,
0.552295,
0.0408473,
~1.29954,
-0.225582,
-0.551404,
2.,76316,
-4 ,84605,
0.0127832,
1.95413,
0.220558,
-0.274091,
-1.58609,
0.403983,
-1.43659,
2.29331,
-1.36308,
0.205835,
-0.489393,
0.369933,
-1.15914,
-0.723509,
-1.08185,
0.284305,
-0.159255,
-0.40445,
~0.0933174,
~0,265249,
-0.0156428,
0.112537,
-0.213555,
-0.182549,
-0.45151,
0.146595,
-0.323105,
-0.553732,
-0.13475,
-0.346508,
-0.446269,
0.287801,
0.490354,
-0.00573538,
-0.15725%,

12



US 8,930,163 B2
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

80

.136515,
.253637,
.191538,
.732697,
.264548,
0.0116267,
-0.171622,
0.272564,
0.274039,
~-0.357973,
~-0.352482,
-0.13444,
0.148159,
-0.346239,
-0.060165,
-0.0206675,
-0.284494,
-0.081134,
0.0089979,
0.0538042,
-0.0516392,
0.332323,
0.525304,
0.127848,
0.00262632,
-0.13508,
-0.14319,
-0.386533,
-0.412198,
0.227162,
0.293863,
-1.90251,
-0.241797,
-0.0884561,
~0.327263,
-0.450498,
0.351179,
0.113904,
0.127541,
0.178568,
-0.309721,
-0.478358,
-0.640583,
C.7655219,
0.358506,
-0.254622,
0.0918246,
0.211685,
0.0121863,
~-0.826088,
0.334008,
0.171497,
0.00186¢68,
-0.227268,
0.492186,
-1.2825,
0.655855,
-0.25991,
0.335071,
2.04427,
0.242413,
0.105419,
1.54775,
0.385732,
0.262017,
0.120358,

oo o O O

13
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4dGWeights.h

0.219098,
1.66504,
0.321078,
-1.47988,
-0.0717213,
-3.34169,
0.172426,
1.22165,
0.0883271,
0.944424,
0.380242,
2.34755,
0.185389,
0.130304,
0.271127,
0.19586,
~-0.261703,
-0 .949433,
0.00827521,
0.471305,
-2.46015,
-0.672319,
0.25363,
-2.3457,
-0.109627,
0.948008,
-1.6968,
0.10515%¢,
-0.193248,
0.5880583,
-0.111607,
1.34443,
0.258289,
-0.514903,
1.34808,
0.0741599,
0.0284419,
-0.252247,
-0.261467,
0.144775,
-0.314921,
1.26099,
-0.0769551,
-0.0428316,
0.482766,
0.00634848,
-0.279014,
0.258214,
-0.422551,
0.0107306,
0.128443,
0.003%4401,
-0.00745738,
-0.152435,
-D.386122,
-0.19977,
0.13835,
0.0194716,
0.273225,
-D.11164,
0.243352,
0.00177302,
0.0366535,
~-0.240968,
0.0974871,
-D.307581,

14



US 8,930,163 B2
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

34

0,0999585,
-0.381201,
-0.356478,
-0.330068,
0.0134475,
-0.155418,
0.124193,
0.504463,
-0.0541284,
0.410847,
-0.347323,
-0.590868,
0.261409,
-0.268328,
-0.448895,
-2 .85378,
-2.64413,
1.47119,
1.27506,
1.75943,
-1.13298,
~1.53306,
-0.367459,
-0.107248,
~-0.375853,
0.0383913,
-0.282332,
0.541811,
0.679341,
0.951317,
0.625621,
~2.,71953,
1.03983,
-0.458433,
~1.27282,
-0.00557066,
-0.427684,
-1.46811,
-0.150437,
-0.228132,
1.60425,
-1.16759,
0.00180542,
-0.142277,
-0.344028,
-1.3952,
-0.229052,
1.86932,
-1.15887,
1.08524,
0.261916,
-0.67274,
-0.400027,
0.727595,
-0.166487,
~0.0563368,
~0.1452,
~2.79189,
-0.242211,
1.81758,
0.396957,
0.250359,
0.0934348,
0.0744483,
0.24858%6,
0.494968,

15



US 8,930,163 B2
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TRXS-0023

c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

86

-0.711138,
~0.173081,
-0.542902,
-0.154663,
-0.972877,
0.294198,
~1.41853,
-1.11237,
-1.16586,
-0.603947,
-0.354986,
0.0980781,
0.551655,
6.37544,
1.61822,
0.291734,
0.20354,
~-0.574604,
~0.468656,
-0.300591,
-0.286375,
-1.62895,
0.617891,
-0.256003,
0.355309,
~-1.80785,
0.0276681,
1.88972,
1.53907,
-1.05737,
1.57029,
1.46873,
0.448744,
~0.964632,
1.94053,
0.63286,
0.0696983,
6.38548,
-0.0122758,
-0.730935,
0.210761,
-0.967563,
7.7135,
-1.39682,
0.960333,
-4.70749,
-5.31614,
-0.447172,
0.337413,
0.864135,
~1.24453
2.05981,
4.80075,
1.02919,
-1.24083,
-0.690155,
-0.291819,
3.82021,
-0.776371,
0.29368,
~0.346674,
4.74684,
0.0876283,
-0.660639,
-3.68384,
-0.334602,

16



US 8,930,163 B2
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWelghts.h

88

0.488563,
0.485378,
~0.0136351,
-1.30751,
0.372085,
2.88757,
1.16518,
-1.42961,
-0.0874982,
0.591731,
0.204231,
-1.18601,
~1.27246,
-0.0541452,
-0.264299,
0.495326,
4.397904,
~0.285173,
-0.285634,
4.87137,
1.76471,
-0.292862,
-2 .84515,
0.214547,
-0.24098,
-0.0845207,
1.93417,
-3.4289,
-0.909323,
-0.274942,
-0.276101,
-1.23474,
0.0657829,
-0.776414,

0.0551836,
-3.34545,

-0.430368,
0.364387,
0.582116,

Y

S/ Marrix Dimsnsiong = (24 x 1)
jocuble hiddenBias2 2[24]= |{
-1.414°7,
-1.3678,
~-0.99928,
1.1547,
-1.1073,
0.88606,
-0.74631,
J.8B242,
-0.45607,
0.25112,
-0.022623,
-0.03755,
-0.037413,
0.20668,
-0.37301,
0.40997,
-0.59817,
-0.778,
0.84475,
-0.83706,
-1.1533,
-1.4807,

17
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.97282,
1.6272

} ;

F/ Matrix Dimensicnsg =

double hiddenWeightl 2 [2
-4 86421,
-0.1991&68,
-0.13004,
~-0.1553291,
0.052209,
0.0846587,
0.5915012,
~-0.135249,
1.02411,
0.322361,
~2.16956,
0.167166¢,
-5.55764,
0.193722,
0.00611928,
~0.,0196145,
1.42548,
2.40008,
-~-(0.0100571,
-1.17985,
-0.140863,
-0,248804,
3.47948,
0.396755,
~-19.4664,
0.204416,
0.216099,
-0.08637&5,
0.1407¢68,
-0.183027,
-0.266406,
0.00558719,
-2 .8503,
-0.856401,
0.644528,
~-0.,.842825,
0.311772,
-0.122613,
g.00467201,
~-0.12%4581,
-3.8194¢6,
-1.8946,
4.22021,
0.57006,
14.0597,
1.8581,
0.216379,
0.302567,
~0.164391,
0.181832,
-0.198657,
0.561554,
4,68337,
1.40621,
0.465398,
0.19258,
-0.270327,
0.375939,
0.273858,
~0.764186,

oy b

18
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c:\LT KK Tracker2\src\C\common\portabkle\trx\tracker\neuralNet4GWeights.h

92

0.681109,
0.18765,
0.476355,
-0.501012,
-3.9305,
0.132692,
-0.0763456,
0.316297,
0.258244,
0.0372264,
-0.107533,
0.291623,
-0.0633583,
0.174899,
-0.227792,
0.788315,
-0.325734,
0.137105,
0.275942,
D.0318073,
-0.171835,
0.220257,
0.288064,
1.21674,
0.422517,
-0.342659,
-0.182853,
0.432086,
0.317132,
-1.56932,
-0.0284754,
0.759041,
0.18376,
-0.109253,
0.0902B55,
0.299362,
0.180529,
-0.16771,
0.063804,
-0.264637,
-0.0483689,
0.4433982,
-1.054632,
-0.300375,
0.0396063,
0.0411095,
-0.132397,
-0.297034,
-0.173612,
-4 .43186,
2.21529,
1.05659,
-0.199792,
0.187746,
-0.312942,
-0.20407,
-0.426559,
0.0648685,
-3.23796,
-0.0533408,
0.37758,
0.0732922,
-0.0267303,
0.10661,
-0.316748,
-0.0888B763,

15
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c:\LT KK Tracker2\src\C\common\portable\trx\trackerineuralNet4GWelghts.h

0.32204,
0.252004,
-0.189929,
-0.0968628,
0.108B697,
0.955972,
0.00226958,
-0.539623,
2.64369,
-0.113372,
0.0324394,
0.306953,
-0.0989873,
0.21645,
0.550799,
-0.195889,
6.08664,
0.179812,
0.894576,
-0.21106,
0.130152,
0.313543,
-1.2417,
0.0590319,
0.0882983,
-2.26604,
~0.00858737,
-0.126773,
0.599556,
~-0.250565,
2.84436,
-0.212459,
5.16516,
~0.108142,
~-0.213681,
0.181181,
0.0637479,
-0.0223249,
-0.124634,
-0.129643,
0.177959,
0.0712908,
-0.44969,
-1.36224,
0.0995287,
0.3959429,
-0.0509045,
0.332548,
-0.0417677,
0.151398,
-1.04533,
-4.19903,
-5.03417,
-0.30083,
~-0.235042,
0.0495732,
~-0.29669,
0.203367,
-0.0851121,
0.209885,
3.66367,
-0.2649),
0.222717,
0.286921,
-0.0985099,
-0.186356,
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US 8,930,163 B2
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TRXS-0023

c¢:\LT KK Trackerz\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

D.28231,
-0.0168543,
-0.282929,
-D.00176669,
0.144596,
-0.09959313,
0.0385415,
0.301075,
0.0805739,
-1.13634,
0.290696,
3.57235,
0.222831,
0.0886971,
-0.0455114,
2.24424,
0.0974354,
3.4863,
0.748535,
0.305174,
-0.200285,
-0.066158,
-0.013173,
-0.2254573,
0.15301,
6€.74331,
3.57066,
-0.0817934,
0.910483,
0.669867,
0.252379,
2.80062,
2.96685,
2.83649,
-0.17741,
-0.00383576,
0.282616,
D0.0276585,
0.773709,
-0.213118,
-0.347994,
-4 .58393,
-3.97199,
-3.50456,
-4.12416,
-0.2495411,
0.0751105,
0.245007,
0.188137,
0.0478753,
0.213747,
-4.19973,
-4 .94865,
9.13336,
-0.135046,
-0.264891,
0.209735,
0.195956,
-0.0206514,
0.188952,
0.00556699,
-1.06817,
-0.275469,
0.0302327,
0.618133,
0.189341,
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US 8,930,163 B2
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.131061,
-D.65266,
-0.0372143,
0.21515,
0.198267,
0.251897,
-2.11253,
-2 .6539,
-0.121288,
0.180178,
2.27704,
0.149057,
0.239347,
0.235701,
0.0360082,
-0.298347,
-0.131868,
0.0854919,
0.385677,
0.436188,
9.67599,
0.383801,

5.92983,
0.241734,

4.71232,
4,59217,
-0.248886,
1.32446,
-3.41641,
-0.402023,
D.25869,
-0.146102,
0.0821753,
D.086091,
-5.04867,
2.15259,
0.191112,
0.439567,
-0.148738,
~0.436222,
-0.212996,
-3.64284,
~2.23277,
0.177451,
-3.01422,
-1.23008,
0.0573648,
-0.123192,
0.172462,
-0.11001,
0.687053,
-0.657575,
-2.31998,
-1.22803,
-4.46107,
-0.310112,
-0.142428,
-0.622013,
-D.271669,
-0.389195,
.205246,
-2.492272,
1.21934,
-0.304539,
-0.00452636,
0.216108,

22
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TRXS-0023

:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h 23

-0.231886,
1.06378,
0.0513878,
-0.522272,
0.243447,
-0.0790407,
0.287459,
2.40466,
0.196265,
0.243289,
0.2396009,
-0.0396568,
-0.094972,
-0.30949,
0.170986,
-0.229661,
0.333124,
-0.233228,
0.646655,
-0.221559,
0.29628,
-1.11421,
-0.405139,
-1.72201,
-0.4098361,
-4 .61959,
-0.291727,
0.221907,
2.06954,
1.30458,
.148956,
,10627%5,
.169234,
.565313,
0.762465,
-1.61959,
-0.00177877,
-0.128584,
-0.0386825,
0.13017,
0.140828,
-0.106605,
1.70056,
0.208598,
-1.06465,
1.03082,
2.78945,
-0.040602,
0.161047,
0.1289¢66,
~-0.0381427,
-0.281911,
0.0846985,
~-0.0821976,
-0.198734,
3.52755,
0.0541653,
~-0.25221,
-0.1%4301,
0.142911,
-0.114524,
~0.0473643,
-1.22269,
-0.949396,
0.288836,
-0.220846,
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101 102

TRXS-0023

¢:\LT KK Trackerz2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

-0.210481,
0.100058,
0.362679,
0.598694,

0.0235548,

0.0505953,

0.0117114,
0.180232,
-1.53309,

1.2565,

0.0952738,

-0.0620847,

-0.230795,

0.0588184,

0.0732905,

-0.290934,

-0.0386538,
0.182879,

0.0991987,

-0.223163,

0.0873878,
-1.02781,
0.386514,

0.00384479,
0.247737,
0.0778591,
-0.0701506,
0.153544,
1.0397,
-0.104818,
-0.0300548,

-0.202663,
0.429247,

-0.115608,

1.99355,

2.90996,
-0.0152397,
.150886,
.329239,
,125899,
.168021,
.413595,

203689,
0.426719,

~-0.301895,
-2.,16708,
-0.720175,
-0.538498,
-0.0761797,
0.127399,
-0.276116,
0.0946441,
0.162442,
0.109436,
-0.362215,
0.0499464,
2.34337,
-0.,152621,
0.138595,
-0.235984,
~-0.195336,
0.0186205,
~0.0677813,
-0.200224,
0.342984,
-0.232533,

o O O O 0o O
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c:\LT_KKmTrackerE\src\C\cmmmmn\pmrtablE\trx\tracker\neuralﬂet4GWeights.h

-0.08553904,
-0.184017,
0.012005,
-0.0826506,
-0.104402,
0.514144,
0.192861,
0.128242,
-0.0948017,
0.110324,
-0.1937,
-0.489099,
~-0.112089,
-1.17826,
0.350577,
1.67237,
0.0757289,
0.248602,
~5.70016,
-1.89359,
-2.58924,
10.5784,
0.031533,
2.15055,
0.395442,
2.05068,
4.46628,
0.345488,
0.250292,
-2.17728,
7.90242,
-0.061912,
3.7476,
-5.4669,
-3.41872,
-5.55161,
-1.0757,
4.46876,
-0.35783,
-0.2172956,
~-0.482425,
0.0767002,
0.231809,
-0.196509,
-1.08736,
2.55695,
§.39353,
3.39185,
10.4851,
0.123117,
-0.0402496,
-0.00815847,
0.373467,
-0.0464687,
3.13502,
5.86108,
2.10599,
~9.07131,
0.288754,
-0.440788,
-0.488573,
0.140621,
~0.316257,
0.0475658,
-3.42575,
~0.412649,
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c:\LT KK TrackerZ\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

-1.89569,
-0.435265,
0.190167,
0.287863,
D.265707,
3.63459,
2.31452,
1.04156,
0.306255,
1.11242,
1.10618,
5.90839,
-0.00147308,
0.406873,
0.247943,
-0.720313,
-0.617007,
-0.193104,
-D.362922,
0.102526,
0.126344,
-0.253694,
1.58277,
~-0.0225485,
0.623071,
-0.196558,
0.0537892,
0.20108,
-0.200324,
-0.356394,
0.400447,
0.672886,
-0.518413,
-0.0853502,
0.84404,
0.266528,
-1.022,
0.537188,
-5.99118,
.268348,
.519424,
435695,
442492,
.251213,
.378194,
.497058,
0.0462854,
-4.98881,
-0.619758,
0.415123,
-0.540807,
-0.0707219,
-0.147958,
-D.0918695,
-0.0495367,
~-0.317913,
-0.56154,
1.16842,
0.990461,
-0.820047,
-0.491865,
-0.00753192,
~0.671217,
-0.572931,
0.0271012,
-0.0333452,

L I e R [ e A 0 O
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c:\LT_KK_TrackerE\src\C\CDmmon\portable\trx\tracker\neuralNet4GWeights,h

108

-3.75317,
0.388547,
0.208448,
0.0302189,
-0.266171,
0.914065,
0.653296,
0.366599,
0.305171,
-0.41828,
0.0396527,
-1.23614,
-0.223051,
-0.182009,
-0.270242,
-0.752584,
-4.17109,
-0.523651,
0.025584,
0.171675,
0.519916,
0.279712,
0.64479,
1.16516,
-0.643971,
0.675684,
-0.130452,
0.06867,
-0.0603003,
0.74681,
0.537441,
0.15887,
-2.,24379,
-0.000482778,
-0.540759,
0.763822,
-0.374238,
1.54487,
0.09742317,
~1.74245,
0.269034,
0.209276,
~-0.227254,
0.220342,
-0.22214,
-0.285906,
0.136261,
0.161732,
2.50198,
1.01698,
-2.40996,
-0.308202,
-0.101744,
-0.419894,
0.0265143,
-0.0618411,
-0.0435743,
1.88885,
0.493061,
1.25064,
-0.0264387,
~-0.361565,
-0.108275,
-0.118436,
0.402094,
0.350248,
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWelghts.h

0.614669),
6.12864,
-6.03101,
-10.8371,
~0.283611,
-0.227739,
2.21922,
4.81003,
-1.73556,
0.218871,
-2.78416,
-0.0605509,
-1.52492,
0.591565,
0.0618319,
0.220647,
-11.9072,
6.521,
11.6274,
0.516232,
0.135322,
-1.8674,
0.431729,
-4.90954,
~7.9952,
-0.35202,
-1.106,
0.370723,
-0.151776,
-0.636803,
~0.00695463,
0.0314792,
-3.64159,
-14.4897,
-0.174046,
9.19417,
-2.25277,
0.0744434,
11.0803,
-3.15955,
-18.7747,
-0.27096,
-0.149935,
-0.550529,
1.05056,
-0.09839,
-0.482297,
1.64628,
-0.0876899,
10.9858,
3.61315,
-6.65136,
0.595992,
0.128401,
0.101982,
0.369427,
-0.313926,
-4.77041,
-33.225,
4.91205,
14.4813,
0.425719,
-0.0140556,
-0.251479,
0.0131041,
0.024449),
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¢:\LT KK TrackerZ\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

112

0.123903,
0.23259,
-12.6357,
~3.75777,
0.0680286,
0.301262,
0.308224,
0.767742,
3.86715,
0.0957465,
-0.0264545,
-0.0694751,
0.1925L573,
~-7.15181,
0.634268,
0.33504,
-0.175889,
7.22924,
~0.266435,
0.0286789,
0.324559,
-0.245655,
0.209918,
-0.0057184,
-0.0248694,
-1.785095,
-0.684805,
0.0397125,
0.3931%5¢6,
-0.124082,
~-0.1898263,
~-0.113654,
0.0715068,
0.0410882,
.307788,
.225572,
.183331,
.2754135,
.020414,
-0.152731,
0.0142548,
2.61434,
0.0869285,
-0.308927,
-0.30791,
0.206288,
0.231605,
~-0.406107,
~0.105145,
0.39665,
-0.834161,
~0.177338,
0.436552,
0.114121,
~0.0322447,
-0.140095,
-0.264967,
~0.186292,
-0.131976,
-1.84901,
~-1.49604,
0.260068,
-0.,183864,
-0.0300321,
-0.320142,
0.186289,

L B e B e B ol B
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c:\LT KK Trackerz2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h 30

-0.0437934,
-1.24232,
4.75617,
-0.3284,
D.285321,
0.393678,
-0.264182,
-0.726024,
~-D.,0423671,
-0.0304916,
-8.35317,
-0.101352,
0.246334,
N.0425568,
-3.00349,
-0.225516,
-0.281204,
-0.378792,
2.24652,
-0.15135,
0.28704,
D.272709,
0.0351549,
-0.0566853,
0.078117,
0.0543011,
-0.251886,
-0.0117977,
0.06024,
~0.0910623,
-D.199878,
0.073193,
-0.201214,
0.283006,
-0.827672,
-2.22325,
D.137901,
0.215392,
-0.0519041,
-0.146429,
-0.263528,
0.161266,
0.652058,
0.101115,
0.269104,
-0.255155,
0.275502,
-0.168989,
0.217212,
-0.297641,
-0.499107,
0.594079,
.934015,
1.00597,
-0.0981243,
-0.230325,
-0.00738099,
0.306641,
-0.153816,
0.3953455,
0.108774,
-0.714035,
-2.90678,
0.90098,
0.372574,
0.266489,



US 8,930,163 B2
115 116

TRXS-0023

c:\LT_KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.152922,
0.267365,
-0.0801023,
-0.120695,
0.914242,
-0.309708,
0.522057,
226792,
451606,
545711,
0.23504,
0.0602452,
-0.112038,
-0.14246,
-0.0590216,
0.324545,
0.255798,
-0.00802184,
0.183849,
1.7827,
1.01966,
0.177568,
0.0269234,
0.292018,
0.207578,
~0.0211084,
0.20324,
.336132,
416871,
.534209,
~0.450471,
-1.10545,
0.203822,
0.0715143,
-0.0321251,
0.426165,
-0.890686,
~0.325611,
~0.107661,
0.0356999,
-0.291319,
2.49488,
1.00005,
-2.92074,
0.289653,
-0.174206,
-0.235939,
-0.009827,
-0.3059,
-0.124574,
0.0897181,
-3.27427,
-11.702,
0.781442,
3,09945,
-0.182957,
-0.310064,
-0.256345,
-0.2834,
0.971635,
-0.0830367,
4.4575,
-0.003137456,
-1.50214,
-1.4072,
-0.610005,

O O O
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TRXS-0023

c:\LT KK Tracker2\src\C\common\peortable\trx\trackeri\neuralNet4GWeights.h

-0.0613909,
0.108202,
1.01368,
-0.263664,
-0.780814,
0.929151,
0.657599,
0.0485312,
0.214928,
-0.15581%,
0.4794,
-0.443093,
0.278917,
-0.0940325,
0.335478,
-0.00943867,
-0.0364824,
-0.539688,
0.356671,
-0.226012,
0.0846057,
0.215248,
0.062247,
0.38826,
-0.877256,
0.355131,
0.396878,
0.218022,
-0.723682,
-5.73188,
1.61863,
0.203392,
0.489901,
0.218827,
0.0329373,
-0.16046,
-2.85712,
0.491741,
0.06493,
0.268882,
-1.36006,
-0.223296,
1.26077,
1.559807,
-2.08308,
-0.135917,
~-0.,11803,
-0.0976712,
-0.430375,
-3.20756,
-0.49432¢6,
-0.40812,
-1.31011,
-0.606179,
1.91709,
1.24033,
0.122142,
0.272679,
0.0651643,
0.275339,
0.197943,
0.187323,
0.700313,
1.42691,
-0.299918,
-0.169404,

32



US 8,930,163 B2
119
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

120

.220339,
248147,
,274853,
0.144796,
-0.380779,
-0.859569,
-2.78004,
0.0237067,
~-0.0357404,
0.238621,
0.0829473,
0.123594,
-0.965054,
-0.114873,
0.00962087,
0.219037,
0.144205,
0.89232,
~-0.595585,
0.0613573,
-0.353096,
-21.914,
2.9556,
0.723151,
0.392513,
0.105507,
0.0752315,
4.82454,
-0.562075,
0.242472,
9.51602,
-11.7607,
-38.9118,
-5.07685,
1.03367,
1.98038,
0.0231842,
11.2331,
5.31839,
0.0892102,
~15.7032,
-19.8081,
0.122262,
-3.71405,
-5.989534,
-12.7969,
0.679317,
0.514584,
0.630819,
0.0114271,
-10.285,
-6.93758,
10.951,
-12.217,
~-10.3566,
12.3934,
-28,331,
-0.0503346,
0.0128802,
-0.266826,
~0.183345,
1.58122,
1.2429,
11.2267,
-46.7082,
11.356,

o O O
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c:\LT KK TrackerZ\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

122

3.51562,
1.37729,
0.611288,
2.65403,
-0.52976,
-5.08151,
7.58766,
~0.805806,
~-1.78603,
-0.403983,
4.22481,
3.73359,
0.153726,
-3.41301,
0.145692,
0.122054,
7.39666,
-0.013874953,
~-1.82504,
-1.19965,
-0.445337,
-1.99478,
14.2077,
-0.548992,
-0.563315,
-0.0866393,
-0.286798,
-1.27139,
5.86149,
-0.00169234,
6.48671,
-5_.68765,
-1.32048,
-0.2821456,
0.623088,
0.0816724,
-1.78959,
0.190513,
-3.94329,
3.90732,
~0.121532,
~1.47275,
0.602192,
0.0715912,
4.46813,
~3.156133,
-3.96751,
0.056B8888,
-0.14428,
0.237904,
0.194648,
0.244963,
-0.272479,
~-11.3285,
~4.14023,
-8.01911,
3.79409,
50.8077,
0.165009,
0.150199,
0.201064,
-0.218009,
-0.642417,
-0.59366,
-0.00913987,
0.29739,
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

—6.14746,
0.567999,
-0.485771,
0.135189,
-0.401145,
-0.025648,
-0.0507492,
-4.91594,
~-5.01693,
-1.89316,
-3.54409),
0.224321,
~-1.5187,
-0.715579,
0.352825,
-1.77763,
-0.205925,
-5.66654,
-0.194915,
-0.623885,
2.96873,
0.153305,
0.4333,
-1.51062,
D.0852999,
0.0532235,
-0.233235,
-0.221279,
-0.22B8694,
0.320647,
-0.0829616,
-0.786021,
0.19408,
-1.23633,
-0.230192,
0.234967,
0.284908,
0.312532,
~-0.2341,
-1.80179,
-0.834934,
-0.25681,

-0.183443,
~0.304345,

-0.0344938,
0.607857,
0.283074,

D.8655,
0.245128,
~0.100733,
0.119385,
-0.219101,
-0.136873,
1.22283,
0.180177,
1.12651,
~1.2467,
-0.445052,
~0.144837,
-0.14357,
0.0783024,
-0.0245847,
-0.149028,
-0.261447,
0.118761,
-1.92064,
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

-0.247746,
~0.826256,
0.0859013,
-0.229026,
0.206058,
0.01817885,
~0.127259,
-0.166372,
-0.291914,
~-1.29487,
0.401218,
0.0672522,
0.208403,
0.297951,
-0.266283,
~-0.199665,
0.121118,
-0.238004,
-0.0567832,
0.125271,
~-1.16765,
-0.594229,
0.0787378,
-0.342876,
-0.0628794,
0.276531,
-0.199304,
-0.00288825,
1.06218,
0.143897,
-0.273794,
0.0461554,
3.110389,
-0.152194,
0.181211,
0.174346),
-0.0250998,
-0.128645,
0.405608,
0.260066,
-0.00860588,
-0.666177,
-0.121658,
0.276332,
1.07588,
~0.213327,
-2.04454,
0.309214,
2.74418,
0.2585965,
0.0844359,
0.315435,
0.422552,
0.679284,
-0.0750688,
-0.96683,
-0.313163,
-2.31641,
2.50687,
0.171034,
0.381934,
0.0153963,
.253124,
.1282156,
.378352,
.319846,

O QO O 0
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¢:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

-1.77096,
-2 .98213,
3.66748,
-0.153824,
-0.0904787,
0.0704201,
~0.00642319,
~-0.0492791,
-0.0379548,
~-3.27164,
~-1.42206,
-0.606108,
0.0127661,
-0.387751,
0.278007,
-0.0746224,
3.10644,
~0.196125,
-0.34727,
~0.379575,
0.167632,
~-0,51203,
-5.B8614,
D.0496059,
-0.195122,
~-1.98802,
0.192343,
0.224422,
~0.180808,
0.0870565,
-0.292639,
0.226754,
0.117867,
0.108789,
0.306227,
0.18589,
0.00269004,
-0.108897,
0.0431437,
-0.27118,
~0.239334,
-0.0996976,
~-0.1667,
-0.175546,
0.0315624,
0.266008,
-0.086635,
-0.398402,
0.161427,
5.172,
0.180747,
-0.169063,
-0.114267,
0.258554,
-0.0111718,
-0.152418,
-0.182028,
-0.347657,
0.0577259,
-0.00421917,
-0.0537167,
-0.184765,
-0.0949864,
0.133569,
-0.17571,
-0.264704,
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.304471,
0.43442,
1.29435,

0.964743,

~-0.0996264,

0.266681,

-0.0296721,
.143262,
.282464,
.102295,
.141969,
.845589,
.443725,
.720246,

-0.0326935,

-0.101503,

-0.103069,

-0.132766,

-0.066425,
D.015891,

-0.01415486,

-0.422922,

-0.244493,
-2.75844,

D.0467676,
0.288275,

-0.901716,

0.0820068,

-0.291524,

-0.099171,

0.0064026,

-0.128438,
0.264217,

-0.00283134,
0.567288,
-0.273579,
-0.00304518,
~-0.060062,

0.113483,
0.130807,

~0.0971331,
-0.3007,
0.292703,
-0.0269292,
0.126047,
0.231361,
-0.166309,
0.300163,
-0.0949008,
~-0.3557689,
0.159417,
-0.31048,
0.0161602,
0.205592,
-0.180414,
-0.20138,
-0.0381227,
0.150003,
~-0.145527,
0.0087588,
~-0.026177,
~0.107981,
0.107303,
0.182558,
0.234613,
0.16966,

|
D A [ A A I A B e
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c:\LT_KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

.257041,
.251888,
.800286,
711723,

3.25775,

0.0256847,
-0.269226,
~0.345863,
0.0195845,
0.122848,
0.274513,
0.0475037,
0.0774639,
-0.141983,
~0.186491,
~Q.228947,
-0.0958921,
-0.17396,
-0.175559,
0.239251,
0.0384264,
-0.220836,
0.570729,
-0.448822,
-0.543323,
~0.0602437,
~0.041946,
0.819645,
-0.276945,
0.057141,
~0.147239,
-0.308429,
-0.755449),
-0.742872,
-0.136171,
0.256013,
~0.777125,
0.0966841,
0.21314,
-0.128917,
0.269086,
~0.142944,
0.339685,
0.0616219,
1.42099,
0.214364,
-0.165081,
D.17928,
0.0973752,
~0.0952355,
0.193105,
-0.993141,
-0.00404458,
0.197612,
0.124339,
-0.179972,
0.566642,
-0.129103,
0.101643,
0.154036,
-0.317768,
0.570767,
0.205626,
0.0517684,
0.120528,
0.150208,

O O O O

sy
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.105609,
0.100578,
~-0.231147,
0.907275,
1.57521,
1.38119,
-0.026274,
0.21376,
~0.0319108,
0.126453,
0.0814368,
1.12643,
0.936132,
4.21325,
0.138983,
-0.480108,
D.322495,
0.387595,
0.421768,
2.42238,
-0.140555,
~0.367092,
~0.0474202,
-0.350903,
-0 .571407,
0D.67917,
-0.06196,
0.118252,
0.983278,
0.513215,
-0.0872391,
-0.07564,
-0.0798743,
0.158307,
3.00245,
0.243598,
0.0363553,
~0.144182,
0.203227,
2.24004%,
1.00232,
0.279136,
-3.26846,
-0.171148,
-1.80357,
£.30914,
0.28379,
-0.477115,
D.714648,
0.00797213,
-3.63979,
-1.08264,
-8.46483,
-2 .09556,
0.0536251,
-0.171456,
0.0600622,
-0.155507,
N.261092,
0.319215,
-0.249537,
-8.2387,
~-8.60125,
-6.54295,
~-0.218416,
0.154292,

4 0
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c:\LT_ KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

-0.0859115,
~0.153142,
-0.0859265,
0.5413,
0.116948,
-4.94564,
10.9662,
1.59324,
0.29961,
0.306763,
0.0806462,
0.288026,
0.105213,
0.374563,
-2.88997,
-2.24774,
D.0826022,
-0.258674,
0.235687,
-0.417804,
-0.614023,
0.155014,
0.327968,
-0.120713,
~0.0424293,
4.55321,
1.01529,
-0.257755,
~0.274283,
1.61509,
~0.00789639,
-0.334022,
0.0606889,
-0.00100623,
0.3229956,
0.03115,
-0.0311647,
0.283126,
-0.084472,
0.0859667,

-0.0677744,
-0.243423,

-0.365178,
-D.3005586,
0.0379815,
0.441882,
-0.489923,
0.10808,
-0.0593518,
-0.358817,
0.113091,
1.6307,
0.0219826,
0.772227,
-0.0251206,
-0.16126,
0.0649159,
0.238718,
0.186493,
-0.0278108,
-0.168057,
1.02288,
0.742958,
1.31285,
0.176852,
0.141778,

41
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c:\LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.150736,
-0.0625144,
-0.110292,
0.181148,
-0.0895434,
2.2413,
-2.95125,
1.07737,
-0.425587,
0.397693,
-0.149059,
0.133675,
0.0592111,
0.326208,
0.102328,
4.76649,
-0.161926,
-0.349244,
0.124286,
-0.293601,
-0.422868,
0.0870515,
0.258276,
0.243715,
-1.0417,
-0.182814,
~-0.33054,
-2.66796,
-0.149338,
~0.0509062,
-0.669666,
-0.201078,
-0.225646,
-0.282642,
-0.0792997,
-0.799636,
~-0.293543,
0.10136,
-2.19868,
0.212356,
-3.42133,
-0.684699,
-0.490505,
0.0735539,
~0.0446377,
0.29781,
-5.4946,
1.27868,
-1.76899,
0.163731,
0.174775,
0.351178,
-0.238244,
-0.138808,
~-5.16095,
D.208006,
0.280012,
0.104562,
0.775803,
~0.7064892,
-0.0438675,
-3.34304,
0.168626,
1.62398,
5.11532,
5.21789,

4 2
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c:\LT KK Tracker2\src\C\commen\portable\trx\tracker\neuralNet4GWeights.h

-0.174204,
0.204675,
-0.13813,

~0.282694,

0.00312921,
0.027905,
0.153448,

2.7215,
4.70734,
0.567226,
-0.157794,
-0.,123853,
0.258256,
0.169023,
-0.166651,
-0.309634,
-0.867581,
-0.271%831,

-0.0298077,
0.206934,

-0.0907337,

-0.330825,
~-0.0394751,
-0.434676,
-0.,17501,
0.665991,
0.254435,
0.464967,
-0.4298,
0.0101432,
-0.04398952,
0.97058,
-0.309136,
0.165412,
0.22756,
-0.189288,
~-0.,357053,
-0.334195,
~0.276005,
-0.265388,
-0.193241,
-0.1961,
~-0.0248555,
-0.292899,
-0.0250155,
0.0896998,
-0.324752,

-0.07817%92,

-0.0294916,

-0.0161901,

0.0265994,
~-0.103738,

-0.08818¢68,
0.278716,

0.1075,
0.151024,
0.0593011,
-0.132991,
-0.229563,
-0.0501352,
-0.234755,
0.16727,
~-0.0804614,
-0.448748,
-0.345506,
N0.132124,
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c:\LT_KK TrackerZ\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

~-0.271457,
-0.033113,
~0.108696,
0.206023,
-0.0375281,
-0.063162,
0.129552,
0.467584,
-0.600055,
3.44719,
-0.0625681,
0.0667731,
0.246219,
-0.0585328,
-0.0375748,
~-0.0582098,
0.221418,
~0.440925,
-0.185349,
-0.241765,
0.152428,
0.0210787,
-0.229674,
-0.0391568,
-D.26314,
-0.206627,
0.200645),
-0.102301,
-0.0190122,
-0.0262933,
-3.73884e-005,
0.187592,
-2.01018,
0.276606,
-0.208029,
-0.119383,
-0.14222,
0.309804,
-0.0378685,
-0.192708,
-0.399667,
0.299166,
0.0864814,
0.00144837,
0.0349297,
-0.0974498,
0.0318288,
0.268538,
-0.308237,
-0.,100184,
-0.0726929,
-0.437463,
0.172906,
-0.281499,
-0.610615,
~-0.0957446,
-0.767671,
-0.355264,
0.125214,
-0.0191052,
-0.165857,
-0.170689,
0.117901,
-0.133272,
0.249343,
D.338636,
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c:\LT KK Tracker2\src\C\common\portable\trx\trackeri\neuralNet4GWeights.h

0.319017,
0.0429575,
~-0.186872,
-0.011777,

-0.0988818,

0.282231,

0.150531,
~0.366676,

0.37921,
1.47048,

-3.11463,
~0.664154,
-0.222404,
0.0156233,

0.21643¢,
-0.190258,
-0.286982,
-0.332608,

0.199732,

0.306832,

-0.0893152,

0.244748,
-0.152034,

0.260452,

0.294588,
0.0662208,

0.541471,

-0.0854145,

0.144778,

0.335175,
0.0719156,

0.336,

0.189617,

0.814027,
-0.229868,
-0.493033,
0.0188299,

0.181436,

-0.00745632,
-0.287499,
-0.0804234,
2.29141,
~-0.225104,

0.690229,
-0.135924,
-0.394365,
0.0526827,
~0.077625,
0.0122973,

1.39424,
3.27791,
-0.142376,
-0.128332,
-0.402184,
~0.694731,
-0.3984,
-0.79942,
1.91464,
-0.293842,
-0.0720512,
-0.400622,
-0.0639026,
-0.0460999,
-1.19507,
0.238266,
-0.0604684,
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c:\LT KK TrackerZ2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

146

0.283317,
1.29068,
2.50908,

-0.341745,
-0.303809,
0.0900924,
-0.375547,
-0.522325,
-0.214235,
1.54635,
1.67473,
-0.589522,
0.182697,
0.0307004,
-0.234097,
0.257218,
-0.373556,

0.325236,
1.65425,
3.92388,
2.02513,

0.487409,

0.00244062,
-0.471255,

-4,81917,

-1.7091,
-0.102236,
0.0878427,

-2.0559,

0.192983,

1.09343,

0.00268587,
-0.2370558,
0.0402373,
-0.720009,
-0.11814,
0.0131682,
0.0014229,
0.0387615,
-0.177999,
-0.15592,
-0.13273,
-0.582538,
0.0676892,
-0.115358,
0.2093,
-0.487927,
0.0568496,
-0.404611,
-0.201257,

-0.70364,

-1.245€6,

-0.290448,
0.158368,
-0.185682,
0.0603088,
-0.271786,
-0.16142,
-0.523297,
-0.0581749,
-0.178326,
-0.307998,
-0.173101,
-0.0990735,
~0.275473,
0.0628695,

46
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c:\LT KK Tracker2\src\C\commcn\portable\trx\tracker\neuralNet4GWeights.h

0.252758,
0.315968,
-0.34512,
-0.205487,
0.0985726,
0.00441338,
-0.223477,
0.148363,
-0.199705,
~0.171343,
-0.471766,
-0.300344,
0.827806,
-0.0150099,
0.183287,
-0.0859371,
0.0602713,
-0.220467,
0.521019,
-0.0413627,
~2.15873,
0.279328,
0.127336,
0.287784,
0.0275441,
0.0521143,
0.293824,
-0.30793,
~0.154924,
-0.0731317,
0.352039,
0.934151,
-0.00731278,
0.160362,
0.037608,
9.07431,
0.616836,
~-0.0381656,
-0.0307992,
0.631293,
0.10868,
~2.18121,
~0,0753561,
0.614784,
-1.19361,
-4.401,
2.88733,
0.139358,
0.0471899,
-20.3437,
-9.69493,
-2.65001,
-1.07017,
0.674349,
0.067012,
1.82195,
-1.96211,
7.94694,
1.90724,
-1.11618,
-1.5162,
-0.325753,
-0.270543,
0.165235,
1.40133,
0.513906,

47
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c:\LT KX Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.989783,
1.22866,
6.70839,
0.598729,
-7.48141,
0.152293,
~0.375247,
0.0191228,

0.101223,
D.0615871,

0.364627,

-3.16526,
4.20135,

-0.595687,
0.33%474,
-0.149917,
~-0.0561738,

-0.089217,

0.166799,

~0.404915,

0.614594,
2.89811,

0.312168,

1.5355,
0.23877,
0.201918,
-0.0527469,
1.92277,
~-0.413041,

-1.95472,

~0.281208,

-1.58636,

-1.76335,
1.06984,

-0.0587097,
-0.0322387,

-2.52644,

0.200011,

0.347161,

0.267294,

0.0655112,
0.098919,
0.111655,

-0.200209,

-0.263474,

0.218071,

0.178688,

0.249441,

-0.120306,
0.257877,
-0.0102552,
0.0580406,
0.0753918,
2.82961,
D.303074,
0.0574172,
0.0371411,
0.0395494,
-0.00246798,

0.143373,
5.37448,

0.214702,

0.0637994,

-3 .55B27e-005,
0.0425006,
-0.0475581,

48
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: \LT KK Tracker2\src\C\common\portable\trx\tracker\neuralNet4GWeights.h

0.116166,
0.120437,
~-0.544263,
-0.262958,
~1.34813,
-1.22129,
-0.201338,
0.18789,
D.267566,
0.282205,
0.16024,
-0.0826543,
6.71165,
10.361,
11.1109,
0.166925,
-0.333773,
-0.241754,
0.0269823,
-0.0508335,
0.0343822,
-3.00558,
~-1.80393,
1.32792,
3.02103,
0.157414,
-0.160885,
-0.0228272,
-0.196933,
-0.155426,
0.121548,
-0.497826,
0.129443,
-0.166579,
-0.579246,
0.298953,
0.158061,
~9.27374,
-1.8043,
-0.591929,
-D.22258,
0.286197,
-0.152364,
0.506359,
0.095323,
-1.47088,
~-2.25289),
-0.0678104,
0.165624,
-1.24112,
-0.272501,
-0.52105,
0.342836,
-0.138649,
-3.49216,
0.269626,
-0.30666,
-0.0395831,
-0.0207215,
-6.03647,
0.319485,
-4,8941,
-0.0212258,
0.138007,
0.163329,
0.00922065,

4G
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c:\LT KK Tracker2\src\C\common\portable\trx\trackerineuralNet4GWeights.h

0.59177,
-0.293722,
-0.625585,
~0.527745,

-1.27734,
0.689756,
-2.05312,
0.179041,
-0.109437,
0.163359,
0.0635132,
-0.110051,
0.0846400),

3.06631,

4.94876,

5.47828,

0.271705,
-0.107796,
-0.196944,
-0.127948,

-0.01423,

0.717324,

2.49673,

-3.78126,

-0.14842,
-0.272546,

-3.53525,

-3.49731,

1.04304,
-0.268774,
-0.498128,

D.246535,
-0.480111,
0.120076,
-1.39326,
0.523527,
0.906129,
-0.0088762,
-0.312905,
0.0424285,
0.278923,
-D0.0745816,
0.151606,
0.0364537,
-0.259936,
0.364071,
~1.12326,
0.173755,
0.28933,
0.137146,
0.226551,
-0.209663,
-0,009341,
-0.0305193,
D.00982853,
0.238461,
0.260196,
-0.185311,
-0.0529224,
0.157724,
0.130188,
-0.274551,
-0.189801,
-0.00722667,
-0.242343,
-0.0708457,
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156

-0.0458423,
-0.336701,
-0.271114,
-0.261039,

0.189053,
0.0726945,
-0.140181,
-0.288263,
0.0416908,

0.170253,
-0.182878,

0.259321,

0.11075,
-0.227158,
-0.212697,
1.93206,

0.337653,
0.0249824,

D.035906,

D.154811,
-0.123331,
0.0372039,

D.213253,

D.103952,

0.168051,
0.0160525,

D.174264,
-0.1155089,

0.376013,
-0.137383,

0.189543,
-0.150257,

0.160633,
-0.138237,

-0.0529912,

0.0629652,

0.2215032,
-0.08826235,
0.43839,
~-7.95945,
0.153228,
-2.07818,
-0.596991,
-0.472055,

-5.51513,
0.38802¢6,
-3.31291,
-2.84495,
~-12.5181,
-0.515008,
0.454695,
3.21172,
1.8%234,
-1.35653,

-~0.391532,
-2.27376,

~13.0886,
0.190544,
~3.22936,
2.96305,
-4 .11166,
2.401%95,
-0.706355,
11.1698,
0.186458,
-0.0885113,
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0.537624,
-0.156329,
-0.570775,

4.60742,

-1.01147,

-15.1317,

-2.25252,

6.39589,

0.242224,

0.271242,
0.0256374,

-0.0642439,

-0.22359,
-0.187569,

-5.65247,

-10.6604,

1.66916,
4.81539,
-0.09588953,
0.058236,
0.488747,
1.18321,
-0.193927,
-1.16264,
1.19741,

-1.75745,

-2.34852,

-14.5866,

-1.12884,

0.597916,

2.37168,
9.29556,

-3.81386,

-7.12469,

-1.72399,

-7.06712,

8.94845,
1.64764,

0.329343,
D.0362854,

0.931497,
-0.1893456,

-4 .8726,
D.199672,
N.299119,

-0.0758045,
0.0599062,
-0.245733,
-0.524136,
-D.814878,

D.114954,

D.264946,

3.96947,
0.212347,
-1.852639,

-0.0127049,

-3.029658,

-4.93773,
-0.073628,

0.177686,

0.182608,

1.65237,
-0.484539,
0.00990547,
~3.45901,
-0.0600402,
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-0.471852,
-0.590437,
-0.244682,
-0.259969,
-0.201619,
-0.177574,
0.0783926,
5.429Q7,
3.96415,
0.525683,
0.0424667,
0.0422801,
0.231266,
-0.00736552,
-0.224929,
-0.489243,
0.433612,
~1.44752,
-B.67057,
-0.4138B25,
0.0313371,
0.0435802,
-0.100895,
-0.450147,
-0.304749,
3.34254,
-0.797438,
-0.0790068,
0.242356,
0.421032,
0.707455,
-0.000543572,
0.48365,
.182552,
0.174993,
-0.106498,
-0 .226154,
N.185769,
D.741891,
-0.0637551,
-0.0752423,
3.0549,
0.212597,
0.56431,
D.257697,
-0.217748,
-0.211726,
2 .61606,
D.156036,
~2.07281,
0.0169963,
-4.32238,
1.22005,
-0.122584,
0.215002,
-2.23496,
0.220908,
1.39928,
-2.53921,
0.157321,
-0.0923548,
-2.76902,
0.227846,
1.12637,
-0.198507,
~3.72732,

Q
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-0.238227,
-0.117505,
0.0742636,
-0.255911,

0.70442,
0.13401,
0.808355,
1.76611,
7.17763,
B.3284¢6,

-3 .4B5086,
-0.0276823,
0.00293331,
-0.249792,
0.114634,
0.286006,
0.235355,
-2.20953,
-3.04176,
2.2354,

0.000336878,

0.0943057,
0.143304,
0.386682,
0.512952,
0.348708,

2 .55864,
0.785442,
-0.0732591,
~2.34547,
0.480812,

-0.133504,

-0.517089,
-1.58173,

-0.216577,

-0.266084,

-0.004508065,
0.0332555,
0.0652938,

0.347524,
0.173433,
-1.04192,
-1.35267,

-0.236109,

-0.640358,

0.0104631,

-0.0803126,
-0.0159389,

0.0359315,
0.134927,

-0.648472,

-0.484255,
0.132409,

-0.0145745,
~0.174075,

-0.213734,

0.0250015,

-0.342559,

2.29012,
1.79356,
-0.182438,
0.36516,

0.0328106,
0.340591,
~-1.94581,

-0.0134899,
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1.51856,
0.203612,
0.247159,
0.235339,
0.358697,

0.0811914,
~-0.190377,
0.193298,
0.232844,
-0.483919,
-0.342741,
0.352977,
-0.207506,
0.130847,
-0.187123,
0.000390882,
0.134133,
-0.0573913,
-0.0889518,

2.73626,

4.48975,
0.3595479,

0.16874,
0.213715,
0.268592,

~-0.129674,
-0.0491192,
0.173439,
0.506633,
-0.160561,
0.0901168,
0.161294,
-0.224235,
-0.320398,
-0.06708438,
0.376581,
-0.00643734,
0.238424,
-0.472602,
0.0342388,
-1,04917,
-0.39475,
0.150913,
-0.432106,
-0.193614,
-B.266895,
-1.41634,
~0.458322,
~0.350439,
-0.248038,
-0.141819,

7.69885,

1.75153,
-4 .88082,

~-0.00102778,
0.123678,
0.0390928,
-0.0281697,
-0.244284,

3.65049,
-5.389138,

17.2312,

-0.402948,
-1.58974,
0.160132,

7.77965,
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5.05952,
-4.78417,
0.0875754,
~0.236528,
0.379409,
-2.76131,
0.414064,
-2 .45376,
0.107761,
4.88242,
4.32069,
-8.46%522,
7.97098,
0.082834%5,
-0.0754516,
-0.113978,
-0.386836,
0.439137,
-0.0935802,
8.02924,
7.40306,
g8.1932,
0.0937563,
0.198765,
0.446714,
0.274732,
-0.139451,
0.230204,
10.2827,
~-0.218198,
-0.876335,
-2.10384,
-5.17507,
~0.,585947,
-3.02315,
-0.628109,
-0.215007,
-0.0536634,
0.498502,
0.10905,
12.8314,
2.19949,
-0.507648,
-1.40754,
2.75976,
0.307204,
0.00295068,
-0.102775,
-0.295571,
-0.080295,
-0.526453,
0.3156556,
0.568831,
0.0792911,
0.200934,
-0.0879215,
0.0821616,
0,267213,
0.155078,
0.1&6357,
0.155414,
-1.38009,
0.185078,
0.34617,
0.178366,
0.209353,
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0.00551138,
0.363621,
-2 .85657,

0.2667,
0.252257,
-0.0939511,
-0.122532,
0.260934,
-0.0176367,
-0.113156,
-0.048043,
0.259998,
-0.0551762,
-0.0997054,
D.0599656,
~0.169669,
-0,144481,
0.195959,
0.277556,
0.292143,
0.792058,
-2.52094,
-1.3326,
0.200496,
0.403913,
0.148858,
0.318297,
0.0457374,
0.126453,
0.00932165,
0.B2068,
-0.132659,
0.510948,
-0.2192509,
0.0981792,
0.267682,
-0.152822,
-0.27853,
-0.300375,
0.362332,
-0.298044,
-0.0465134,
-0.722259,
-0.1363586,
-0.0765652,
-0.547688,
-0.314417,
0.0788551,
-0.1070189,
~0.155072,
0.0530689,
0.5195471,
0.245085,
1.62648,
0.0876781,
0.240352,
-0.335712,
0.155597,
0.225642,
-0.332767,
-0.0721827,
-0.437651,
-3.53917,
-0.117442,
-0.281014,
0.211093,
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-0.0287482,
0.357651,
0.0528494,
2.32536,
0.0698168,
-0.0683766,
-0.068529,
-0.216439,
0.255895,
0.150308,
-0.232533,
~0.117771,
0.366701,
~0.121122,
0.175446,
-0.0566011,
0.0606703,
-0.0178719,
0.228763,
-0.176544,
0.196597,
0.357856,
0.800136,
~0.619072,
0.244582,
-0.205806,
0.18795,
0.283791,
0.295468,
-0.150042,
0.13166,
-0.357527,
-0.105836,
0.218955,
-0.287946,
-0.240734,
-0.229576,
0.149431,
-0.0350523,
0.0736068,
0.170655,
0.0884898,
0.250134,
-0.304635,
0.0382807,
0.0475241

j 7
S/ Matrix Dimensions = (40 x 1}
dcuble hiddenBiasl 2[40}] C30 ONLY( attribute ({space(auto psv), aligned(2)i}))= {\
~1.4505,
~1.4241,
~-1.2371,
1.2679,
-1.2322,
1.1613,
0.8¢1l59,
1.1602,
0.5657,
-0.93727,
~-0.42841,
-0.61845,
0.59654,
-0.53275,
-0.,298817,
0.2507,
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0.30126,
0.19853,
0.17695,
-0.030186,
0.030472,
~0,20155,
0.1699,
0.15259,
0.32976,
-0.48858,
-0.43318,
-0.69489,
-0.6461,
-0.84289,
-0.74716,
-0.83913,
-0.86303,
1.0585,
-0.96658,
-1.2016,
1.1815,
-1.5387,
1.285,
1.42387

'

f/doubkle coeffi [INPUT SIZE] = |
double coeffl [INPUT SIZE]= |
0.0026,
.0012,
.0008,
.0006,
. 0005,
.0004,
.0004,
. 0004,
.Q004,
.0004,
.0030,
.0010,
.0008,
.0005,
.0005,
.0004,
.0004,
.0004,
.0003,
.0004,
.0025,
. 0007,
.0004,
.0003,
.0002,
.0002,
.0002,
.0002,
L0002,
.0002,
.0005,
.0002,
.0001,
.0001,
.0001,
.0001,
. 0000,

C O OO C O 000 C o000 OoO000Oo0C o000 0000 Cc oo ao oo
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174

.0000,
.0000,
.0000,
.0003,
.0002,
.0001,
,0001,
.0001,
L0001,
.0001,
.0001,
.0001,
. 0001,
. 0003,
.0001,
.0001,
.0o01,
.ag001,
.Q001,
.0001,
.0001,
. 0001,
.0001,
.0003,
.0003%,
. 0003,
.galz,
.0013,
.0014,
.0020,
b

MO DO O O C OO0 00000000000 o000 o00oaagoooaooaooo

//double coeff2 [INDUT SIZE]=
double coeff2 [INPUT SIZE]= |

384,
632,
1025,
10889,
1543,
2010,
2153,
1872,
2352,
2789,
280,
731,
1019,
1348,
1548,
1825,
2272,
2385,
2582,
21473,
4472,
1813,
2596,
36551,
4861,
6517,
7074,
€023,
68e4d,
7039,
2438,

6055,

60



US 8,930,163 B2
175

TRXS-0023

c¢:\LT KK Tracker2\src\Ch\common\pcrtable\trx\tracker\neuralNet4GWelghts.h

176

8973,
9325,
9457,
9493,
12347,
30443,
24889,
30087,
4402,
7230,
9515,
9741,
130047,
14245,
16908,
17530,
13001,
195189,
4304,
8540,
2485,
719356,
7093,
6528,
6404,
7091,
8148,
6984,
71554,
5882,
7534,
873,
580,
1000,
oy

1

#ifdef  cplusplus

J /o externy now

fendif // TRACKER NEURALNETWEICHETS H

————— kad - dd

61
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;.*'-i:-#
* il
* Tracker
%
Kamiar Korgari
Ben Funk
Ruchika Verma
Copyvrignt 2012

* o@autnoy

. o ..
® @R Thor
" T w g b
*ogautnecy

IR T T

; AU T YT e pee b ompmex 0 T 3l e S r e e g g - h
oemutor IRX regserved.

Systems. All

47 i

3T .:" i L TRt ORI M Ty e AT

v b Tvar 3"' !':‘:-.':-'\f"'l\.-}‘;r-l'\c --rhv-:IE\- -\.-l"-...-\..-\.i':n. - -i‘r-l"-r-’.l}
b i"'i. a
- s .:,- _ur}
J—iv-.- _."ht - W T E D 3‘:. 5 "';-..F - v h e :‘-"‘;‘l‘ ¥ ki Ea
1 e . r oy T oAtE L . uEe pew rm .n - - - L an, - ' . - JEER T
= H : £ 4wt S F . T T 4 - f et + i = 1
1. r:-'- H-}-\.“H-" war i-é. el E\.-l' Ta g i"-ur T S '-"J::!' 5 at I __." ar- .'H-i'F-| ' i\.-.-' '-":H;'\- o Ay p s th-i"ll-;r -|'I\- .Ir.‘n *

] i "I
TR e o B B sl Y m r
wE AT N LA I S R

«trx/filter/11rf.h>
«trx/filter/iirf fixed.h>»

#include
Finclude
#include
#includs

<stdio.h>
«<stdlib.h>
<math.nh>»
<string.h>

<tryx/common.hs>
<trx/util/modbuffer.h>
<trx/inu/inu.h>
«trx/device/inu4 . h>
<ctrx/device/inub.h>
<trx/stdlib/math.h>
<trx/stdlib/stdint .h>
<trx/math/math.h>
<trx/math/quaternion.h>
<trx/math/vector.h>
<ctrx/filter/LevelFrame.h»>
<trx/filter/magSenscrFusion.
<trx/util/messages.h>

gingclude
#include
#dinclude
#include
$include
#include
#include
#include
#include
#include
#include
#include
#include

ginclude
Hinclude
#include

Tangles . ht
"filters.h"
"location.h
finclude "inu _math.h"
finglude "user gait.h"
S/Eiaclude *nesurallNei  h*

ffinclude "neuralNet2. ht?

#tinclude "step detector.h'
finclude "stepDetectorZd.h!
#include "turn detector.h!

"crackerData.h"
"Cracker2.nh"
"tracker constants
"freeFallDetect . h"
"errorBounds .h"
televatorDetector.h®
"stalrwellDetector.h”
"hal lwayDetector.h'
"hipStepDetector.h?

#include
#include
#include
#include
#include
#includoe
#include
#include
#Hinclude

.hll

FEREETEF T A E T AT TR T R I I AT A AL AR EATE TR F LTRSS AT T A TR AR T kTR E

/0 FUNCTION PROTOTYPES
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/

;fmm_“mm"mm“m.,_,.__.,.,.,.,_,_,_,.,_,.,_,.,.,_,_,___,_______,________q._..q_q__n.._q.h.a_.-.u_ﬂ_._u.ﬂ_q.w_w-u-hmMm,-ﬂ.-.-u-.“-,—h--“w-.--hw—h--.--u----.-,--“ﬂ---pvﬁq-r—----—---—-—-—

;;f NHRTINES ddd o d R A b A e X kAR AT AL AL T EATFATAAARATERAFTEA R EA XA A AN TN T A A A v axd e o awx
ry’f’ _________________________________ b mw s we wm m aw ws aw we e s o st e e e e e s e e a s b me e e e A e e Ml e ke e b s e W e e e e e
#define IIR NATIVE USE FIXED

fdefine numints (x) (sizeoci(x) / sizscf(intle_t))
#define SAMPLE BUF ALIGN (SAMPLE BUFSTZ * gizeof (intlé t))
#define STEP BUFSIZ (16)

#define FILTER STEP OFFSET (-33)

fdefine M _ACTIVE THRESH (40)

fdefine A ACTIVE THRESH (40)

‘f;‘r OOV U
f’f.*" TASOAT, VARTARLRES #Fdx X d X ¥ FF A AT X344 F L IFTdhdIdrdaadrd it dhdt badddwd b ddow ks
o o e m et e wn v e e e o e e e va e s on me W N M Ma e w e R Me e Am T s me Am mm M m e e e v e Am e e We e e e e e e e e e e e e e e e e e
Fos

static trackerData t td;
/ Main gtorage for Ltracksr

¢ SampleHistory t smplHist:
c SampleHistoryMem t swmplBufs;

PathHistory t pathHist;
PathHistoryMem t pathBufs;

OrientationHistory t bodyTeoEkarthHist:;

stL.atic
static

OrientationHistoryMem t bodyToEarthBufts;

intlée t aceclZNavBuffer [SAMPLE BUFSIZ]

C30 ONLY( YRSS (SAMPLE BUF ALTIGN)) ;
intlé t acclMagBuffer [SAMPLE BUFSIZ] )

C30 ONLY{( YBSS (SAMPLE EUF ALIGN)

r

intl6 t filtYBuffer [SAMPLE BUFSIZ]
intl6 t yawAngleHistBuffer [SAMPLE BUFSIZ] ;

C30 ONLY{( XBSS (SAMPLE_BUF _ ALIGN)};

mecdbuf € acclZNav, acclMag;
medbuf t £iltY, vyvawAngleHist;

uintlé t samplelIndex = 0;
Sf Indaxer [C, 177
uintlé t pathHistIndex = 0;

stalbic intlé t stepSampleBuffer [STEP BUFSIZ]; ;/
Stores cdifference in samples numbers between steps

static 1ntlée t stepAngleBuffer [STEP BUFSIZ]; ;/
Stores angle at step

statbtic intle t stepElevationBuffer [STEP BUFSIZ]:; /!
Stores eievation gt step

static modbuf t stepSample, stepAngle, stepElevation;

static uilntlé t steplndex; I
Indexer (0, 15 (STEPF _BUFSIZ - 1) ]

static [lcat startkElevation = 0.0; ;/

Beginning aleavation above gea level aceording Lo pregsur 2engor,

astatic

FallDetector f£4d;

errorBounds t errorBounds = {0,0,0,0,0,0,0,0,0,0,0,0,0,0};
inertialState L inertialState={0,0,NN IGNORE,NN IGNORE,NN IGNORE,0,0,0,0,0,0,0};

int lastUpdateSample;
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static RunningStats t accyS3tats;
// New Step Detector variakles
const stepTracker *sData;

static int prvStepNumber = 0;

f;*j J_Illti&L;EE‘ ’}_’*ragkef Froogeasor A K H A AL A AT AT AL AT LA A ST A E R XA YR LA AR E R R

s
lI‘l' B Cia Le1 i aan mes cad REE cdd kM EEe EEE ae Gke AR 0 2na IEE 4 R Al auE 436 18 41 mEE LEe RE1 EEE W Gee EIT mET 05 bee e 10 .. EE1 aua REI kb Ee.  me EEE 1ar BWE BT M. a1 10E EG1 IRa iE Imr mEE iEE 1. mEI 1w a0 w11 v 11 frr mm cim i srr ama == wr amr mma sk ama e aak

trackerData t* initTrackerProcessor2 (void)

/i Cilesar tne tracker data struct
memset {&td, 0, gsizeof({td)):

LevelFrame 1nit{&td.lvState}; // Inmltislize origntatlion
rilter state

td.avgFusionAngleError = AVG FUSION ANGLE ERRCR INIT; // Begel Average Fusion Anglep

Frrror {ztart at max?

td.avgPressure = 101325.0f; '/ Eeselt Average Fressure

tracker initSampleHistoryMem{&smplHist, &smplBufs, &samplelIndex};

tracker initPathHistoryMem(&pathHist, &pathBufs, &pathHistIndex):; JS Initiziized
mod bullers for path history

tracker_ initQuatHistoryMem (&bodyToEarthHist, &bodyToEarthBufs, &samplelndex);:;

modbuf 1nit {&acclZNav, acclZNavBuffer, numints{acclZNavBuffer}, E&samplelndex) p
modbuf init (&acclMag, acclMagBuffer, numints {acclMagBuffer), &samplelndex) g
modbuf init (&f1ltY, filtYButfer, numints (filtYBuffer), &

samplelIndex} ;

modbuf init (&yawAngleHist, vyvawAngleHistBuffer, numints{yawAngleHistBuffer}, &
samplelndex);

F/ Initialize wmod pullerg IfIor step destecteor indexed by step indeX
modbuf init (&stepSample, stepSampleBuffer, numints{stepSampleBuffer), &stepIndex);
modbuf init (&stepAngle, stepAngleBuffer, numints{stepAngleBuffer), &steplIndex);
mﬂdbuf:init{&StepElevatiGn, stepElevationBuffer, numlints {stepElevationBuifer), &
stepIndex} ;

resetTotalAngle ()} ;

td.aMag = &acclMag;
td.zNav &acclZNav;

H

detectStepInit {&acclZNav};

td.debugBuf = getStepFiltResult ()

td.attitudeHistory = bodyToEarthHist; fPointers to moedpuffers holding device
crientatilon Jquaternion.

initNeuralNet2 (&smplHist.ax, &smplHist.ay, &smplHist.az, &smplHist.axy, &smplHist.gx, »

&smplHist.gy, &smplHist.gz, &smplHist.vx, &smplHist.vy, &smplHist.vz, &smplHist.fx,
&smplHist.fy, &smplHist.fz, &smplHist.px, &smplHist.py, &smplHist.pz):;

initFallDetector {(&fd, FF_ACCL _THRE3SH, FF_TIME THRESH);
td.errcrBounds &errorBounds;

td.scaleConfidenceSum = 0;

td.gaitConfidenceSum = 0;

H

td.pathHist = &pathHist;

pathHistIndex = (G;
td.totalPathlLength = 0.0;
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volid proceggCalibratedDatal (inu calibratedbData *cal,
fioat localMagInclination, uint32 t time)

ddminit(J; Fliniti
hsdminit(): S/ o 1nta
return &td;

-— -— [ — Y - F . [ 5 L-d =11k LLE ELd JJ1.  maaE nan LT - [_ LI ]| LLL] imem hmm ahh  ldm Wk L ILI | LIS B L LL BN LL L1 ] ol L]} =pkk  pEE m

fiocat localMagIntensity,

i [ —

gquaternion gBodyToEarth;
{shortcut to 1lwvState.gf)
guaternion gBodyToNav;
transformation

float3xl aNav, gNav, mNav;
flcat3ixl mRefEarth, mkefBody,

float3dxl zref = {{(0.0, 0.0,
intlé t yElevation;

intlée t vilctyTemp;
intlée t anglTemp;

Tlioat totallcceleration = 0.0;
Tioat azimuth = 0.0;
/iintlié t azimuth hold = 0;

Tipat fusicnAngleError;

intlé t lastGait;

static int cecwesntripSanpies = G
cstatic xyLocation t elevLocation =
static int elevator = 0;

tioat distance = 0;

static uint32 t pathPointProcessed
intlé t startSteplIndex;

intlé t stopSteplIndex;

int16 t wxRef, vyRef, wvzRef, fxRef
intlé t vx, vy, vz, Ix, Ly, fz;

intlé t 1;
intlé t *neuralNetInputData;
nevralilerBaitdCliass © netOubput;

neurallNetGalt t temENetOutput;

// BEGIN PROCESSIEG
‘r‘r ;_.!i tvm apr rpm mps mas akas e mal kkm B4l ddE il N B NET ERF MFRl BRS YR rrml (AR mmi arl maE imEs EEE TEm  mwi wmm wEn amEn mem rar 0n
td.trip = NULL;

td.segment = NULL;
td.bElevatorTrip =
td.bElevatorShaft = faise;
td.bStairFlight = false;

td.bStairStairwell =
td.bHallSegment = £
td.bHallHallway = f

r

mRetftNav;

1000.0} };

H
(=

fyRef,

W 1wy L1 T T -pa

T aTr rr murr Tr

med Lma  .Em  mmm  oami  mam  ams mii  mms sms  bias  tms mms  wms  mmm  dem ki Niek  Jekt % HId aFLA RS A pEAL WA mas  mir o mam o asm e hew o Jem o wme kel owla Laad ke o SR AU OB Rih B RGO REE B EEE B B AR AEE MAE REE SmL RS EAE A R REE Em AR Bd A LA AEA UER EEEm AW TR AFAR STT WA RSA AT T A T

[ EL BENEL L, | HF MR ERY FER 14E s M IRl [ ]} L (L] 1TH T LL L ue mA wEl mEm LT SrEas mEm Ll mar

tloat pressure,

mii  may fie  mas  omas  am  mmm  ommr e mmm o  mem e vem emm  rwt whrm bRS  yRAE LAE mms  ymar mms gmm Eae s mmm e s o o wmm e o mew chles febt. e Swm e s Wi e R Splet JRAE RSy BAEE EEY 4Em GBS U TEER SN SEEE EEE Sy EEE EEE S EEm  EOE BT BEE B FEr WL fEE Emw W Ewr e ST e T T

frame transfcrmation
Bcocdy Lo navigatilon LZIraune

Navigation frame coordinates
Compass senser ftusicn vector.

ranlace

F

Witn foet

fzRef;

K FAKRFT AN EA TR AT EA YA AR A A YA A AATR LA AR SRR AT AR Rk

[T aa i, mi Las  .ma.  aam L T N ] imm .ma (L] ami mEm (L] -r rr- L EILE LI RE | irr rrT v

flcat pressureTemp,

"4
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td.bStepSample false;
td.bPrintSample = false;
td.bMissedStep = false;

It

td.sampleNumber++;

‘bhetwsenTriplamples 4 A4 Tnocrement sample

Fos i : ™
number (0, 27322

sampleIndex = td.sampleNumber % SAMPLE BUFSIZ; S/ Must be 1In range 10,

T

1271, ndewes clrcalar oDutffers.

LevelFrame insert (&td.lvState, cal); /7 Update orienitatlion
filter.

gqBodyToEarth = LevelFrame getBodyToEarth(&td.lvState); // Returns lvEtate.gt
qBodyToNav = LevelFrame_getBodyToNav (&td.lvState); Jf get navication frams

guatrernion

azimuth = getAzimuth (gBocdyToEarth}; /¢ Determine aAazimubh,
Thls 1s direction user 1ig facling. {a&nule ol +Y¥Y-axls projected ¢n level plane)

LotalAcceleration
magrituae

float3x1l normical-»accl); // Computs avceleration

td.gyroAngle = getTotalAngle{azimuth) ; S/ Accupulates aziauth

and toetal angle not epounded from 0-260

modbuf write({yawAngleHist, (intlé t) {(td.gyroAngle+0.5)); /7 Storve historical step

angle aata. Referenced by step detector to store stepn angls.

aNav = guat transform{(gBodyToNav, cal-zaccl); J/ Gel navigation [rame

coordilnates or acceleromsisrs, gQyro, and magrnetic saensors

aNav.z -= 1000.0; /) Remove graviiy (L200mg)
Trom 7 component.

gNav = gquat_transform{gBodyToNav, cal-»>gyro}:;

mNav = quat transform{gBodyToNav, cal->magj;

td.magField = mNav; [/ Bave the magnetic
fleld data

/ !.a" mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

/7 DETECT FREF FALL AND HICGH IMPACT *whhikhkd kb whrhddrAadd ke db v dbhnronrvhdbardhr

£ F e e e wm e am mrom me m e ma e s s e e we e e me e er e e i e ar e am am mr o e e sm em are o s am e ww wer me ws mm e e v o e e e e aw m e e e e e w e

P

it (detectFreeFall ((uint32 t)totalAcceleration, &fd})
td.fallDetect = 1;

if (totalAcceleration » HIGH IMPACT ACCL THRESH)

td.impactbetect = 1;

td.posturevVector quat transform{gquat conj (gBodyToEarth), zref};

vElevation (intl6 t} (atan2f (td.postureVector.z, td.postureVector.y) * RAD2DEG);
- Gravity in ZY plane angls from +Y azis.

td.bUserBack
Kegat alil (lags

td.bUserCrawl = false;
td.bUserUpright = false;

(

F 7

-
i
1

tal

I {abs{yElevatiUn) < POSTURE“YELEV_BACK_THRESH}
td.bUserBack = true;

else if (abs{yElevation) > POSTURE YELEV CRAWL THRESH)
td.bUserCrawl = tirue;

4
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eige if (yElevation »> POSTURE YELEV BACK THRESH && yElevation « v,
POSTURE YELEV CRAWL THRESH)
td.bUserUpright = true;

it (yElevation > POSTURE INVERTED MIN && vElevation « POSTUREHINVERTED_MAX)
td.i1nvertedCount++;

elge
td.invertedCount = 0;

;l j' LT [T 9% [TTY man rres FrEy ‘- - - L LTl ~—rn L LT LT - Lwwm b LT ] [(LTT] e (11 ] wlmlm | ri& hud nllm kan ik - L LT Nk LY L[ hdm deF (21} Ak ki | 23] 4d%r L 11 L 13 k4 4141 | 23 ] 1Ha dd L o Erl IFF (1T H dllk 44 a 41k and 118 4 - dad - (L] [ 11} L1, ] 1

jf;'“ f}i"ﬂ'ﬂjﬁ‘%GE E‘RESIBL;RE ol I A e ol R i A R TR e S S S S B e o e

7 2 S S

if{pressure > 130000.0) J/Brror 1T pressure 1g ourn of this rangs
pressure = 130000.0; JiThia will indicate error.

if({td.sampleNumber < 40) F/Allow 1 second Lo stabilize
td.avgPressure = pressure;

eige

td.avgPressure = ewmaFilter{pressure, td.avgPressure, 0.05f};
td.pressureTemp = pressureTemp;

f/ BETIMATE CHANGE TN BELEVATION BASED ON PRESSURR #%tdrddxdsddshruddnrrbrvas

1f {(td.sampleNumber == 200) f/mstakblish basline for fizrst 200 samples (Ds @ 40Hz)
{
startElevation = - ({leoat) (-3.2808 * 44330.8 * {1 - (float)powf(td.avgPressure / v,
101325.0, 0,.18)1});
]
if (td.sampleNumber:>200) i/
{
J/from sentrix software
float currentElevation = - (fioat) (-3.2808 * 44330.8 * (1 - (float)powi(td. v,
avgPressure / 101325.0, 0.19)));
td.locationZ = (currentElevation-startElevation) * 0.3048f; //Convert fs=elf tTo v
netars
J
..F'rf: ___________________________________________________________________________________________
// COPY CRBLIBRATED DATA TO HISTCORICAL BUFFERS #+*¥Ast s hdidhihrbdrardhhrdd*assk

.I' I m-rs rw [T - LJL ] =k rhr mmr . T hdiw wirn ki ik v k4 Lilm +hk =k | 23} Rl 4 HF FFE- L 10 Hhk 444- bl F 414k [LE] 21} L2} L2 1] 4 4n- [ LD} HF L1 b - - 4 - | 22 Fi% L 1L} 441 HF - - 414 |44 iR [ B2} -~ - and 441 L1L] 441 [RE L} - 11 [LE 11 FFh a 44 AR +Fl L2 | A4 [ 1.}

modbuf write(smplHist.ax, (intlée t) (aNav.x));
modbuf write(smplHist.ay, (intle t) (aNav.y)):
modbuf write(smplHist.az, (intle t) (aNav.z});

modbuf write(smplHist.axy, {intleé t) sgrtf (aNav.x * aNav.x + aNav.y * aNav.y)}:

victyTemp = modbuf read(smplHist.vx,0) + (intlé t) (aNav.x};
modbuf write(smplHist.vx, (intlé_t) vlictyTemp);
victyTemp = modbuf read{smplHist.vy,0) + (intlé t) (aNav.y)};
modbuf write(smplHist.vy, (1ntlé6 t) vlctyTemp):
victyTemp = modbuf read(smplHist.vz,0) + (intlé t) (aNav.z);
modbuf write (smplHist.vz, {intle t) wvlctyTemp);

modbuf write(smplHist.gx, {(intlée t) (gNav.x)):
modbuf write(smplHist.gy, (intlé6_t) (gNav.y)):
modbuf write(smplHist.gz, {(intlé6 t) (gNav.z));

anglTemp = modbuf read(smplHist.fx,0) + (intlé t}) (gNav.x}:;
modbuf write (smplHist.fx, (intleé_t) anglTemp):;
anglTemp = modbuf read(smplHist.fy,0}) + {(intlé t) (gNav.y}:;
modbuf write(smplHist.fy, {(intlé6 t) anglTemp};
anglTemp = wmodbuf read(smplHist.fz,0) + {(intlé t) {gNav.z);
modbuf write(smplHist.fz, ({(intle _t) anglTemp):
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vyRef = modbuf read(smplHist.vy, startStepIndex);
vzZRef = modbuf read (smplHist.vz, startSteplIndex;;
fxRef = modbuf read(smplHist.fx, startStepIndex):

fyRef = modbuf read(smplHist.fy, startStepIndex];
fzRef modbuf read(smplHist.fz, startStepIndex);

il

for (1 = startStepIndex; i< stopStepIndex+1; 1++)

{
vx = modbuf read(smplHist.vx, 1)};
modbuf write({smplHist .vx, (intlé t) (vx - vxRefl)):;
vy = modbuf read(smplHist.wvx, 1};
modbuf write(smplHist.vy, (i1ntlé t) (vy - vyRef}):
vz = modbuf read(smplHist.vz, 1i};
modbuf write(smplHist.vz, ({(intle t} (vz - vzRef));

fx = modbuf read(smplHist.fx, 1);

c:\LT KK Tracker2\src\C\common\portable\trx\tracker\tracker2.c 7
mecdbuf write(smplHist.mx, (intle t) (cal->mag.x * 1000.0)); /7 Typical values for gy
cal-»-mag between -1.0 and 1.0.
modbuf write(smplHist.my, (intlé t) (cal->wmag.y * 1000.0)); // Multilplying by Y
1000 to gain precisgion in fixed point buffer.
medbuf write(smplHist.mz, (intle_t} (cal->mag.z * 1000.0});
modbuf write(smplHist.pressure, ({(uintlé t) (td.avgPressure / 2});
modbuf write(smplHist.px, (intlé6 t)td.postureVector.x);
modbuf write(smplHist.py, {(intlé t)}td.postureVector.y};
modbuf write{smplHist.pz, (intle6 t)td.postureVector.z);
modbuf write{acclZNav, (intl6 t) {(aNav.z)):;
mecdbuf write{bodyToEarthHist.w, {(intlé t)}ldexpf (gBodyToEarth.w, QUAT BUFFER EXP}); /o
/Historical orientation guaternicns stored as scaled fixed point integers.
modbuf write(bodyTcEarthHist.x, {intlé t)ldexpt (gqBodyToEarth.x, QUAT BUFFER_EXP));
modbuf write(bodyTcocEarthHist.y, (intlé t)ldexpf{gBodyToEarth.y, QUAT BUFFER EXP)):;
modbuf write{bodyToEarthHist .z, (intlé t)ldexpf (gBodyToEarth.z, QUAT BUFFER EXP));
// Compute bLotael acegeleration {(minus gravily )
modbuf write(acclMag, {(intlé t)}flcocat3xl norm{aNav)});
';';’ GE":T:E'[-;: F‘OR G"’r"Rr\] STII.--:J ok ot ok ol R R o e o ke ok o e i o e R e i e R e ol ke e W e e R ol e e ke e R e ke R
L e T T R i B i i T B U
//@TOD0 -~ Usea thls result Lo determine when gyro angle may ke held so that user may p
stand in same location for long periods w/o drifo.
fazimuth hold = {(modbuf acvivel{accX, -{5AMPLE BUFSIZ - 1), 0, A ACTIVE THREZSH; || Ve
modouf _activelaceyY, -{SAMPLE BUFSIZ - 1}, 0, A ACTIVE THRESH: 1|
/7 modbuf actiaive (accZ, - {SAMPLE EUFSIZ - 1), O, A ACTIVE THRESH; || ¢
modbuf active(magX, - {SAMPLE BUFSIZ - 1), 0, M _ACTIVE THRRSH} ;]
. medbuf active (magy, - {SAMPLE BUFSIZ - 1}, 0, M ACTIVE THRESH) || ¢
modbuf active (mag?, - {SAMPLE RUFSIZ - i}, 0, M ACTIVE THRESH)) 2 0 : i
o
;’I;’ STeD DETEITOR *dfk%rdhhkdddhrhhddkrhdhdhredhhbddbbhbrddbdrrdnbehbrtrwth bk rrdnrthr
fj:’r‘ mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
// Make sure we have at least ~-FILTER STEP OFF3SET gamp.es 1in the buiffer
td.neuralNetInputData = NULL;
sData = hipStepDetector{aNav.x, aNav.y, aNav.z, gNav.x, gNav.y, gNav.z, td. v,
sampleNumber, 0, 0}
it ({sData->stepNumber -« prvStepNumber) == 1)
l
startStepIndex = (uintlé t} { sData->lastStepSampleNumber - td.sampleNumber +1);
stopStepIndex = (uintlé6 t)}{ sData-s>sampleNumber - td.sampleNumber +1);
vxRef = modbuf read(smplHist.vx, startSteplndex);
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192

j

neuralNetInputData = getNetInputNodes? (startStepIndex, stopStepIndex);

fy =

fz =

modbuf write{smplHist.fx, (intls t) (fx - IfxRef}):
modbuf read(smplHist.fx, 1)

modbuf write(smplHist.fy, (intlé t) (fy - fyRef});
modbuf read(smplHist.fz, 1i);

modbuf write({smplHist.fz, (intle_t) (fz - fzRef}):;

tempNetOutput :{ﬁé%ﬁ@%@ﬁ%}ﬁ%ﬁgﬂneuralNEtInputData);

td.netOutput = tempNetOutput;
tempNetOutput = (neuralNetGait t) sData-=gait;
if {(td.netOutput == NN 2D} )
!
1L ((tempNetOutput == NN_FORWARD) || (tempNetOutput
(CempNetOutput == NN 55 RIGHT) || {tempNetOutput == NN SS LEF
NN RUN))

J

if {tempNetOutput ==
td.netCutput =

td.netOutput =

td.bStepSample

td.location.x =
td.location.y =
td.stepNumber =
td.stepLength =

it {sData~->gtepNumber

td.stepDirection

——
—

tempNetOutput;

NN GARBAGE)
NN_GARBAGE;

true;
sData->locationX;
aData->locationyY;
sData->gstepNumber;
sData->stepLength;
= 1)

td.firstStepFlag = 1;

sampleNumber) )

modbuf write{stepElevation,
modbuf write (stepAngle,

switch (td.netOutput)

{

+ sData-»>stepDirection / M PI * 180
td.lastStepSamplelNumber
td.currentStepSampleNumber =
modbuf write{stepSample,

cage NN UP:

1t

npdatelLocation(&td.location,

({ (td.gaitCounters>>4)
td.gaitlCounters +=

break:;

= {flioat)modbuf read(yawAngleHist,
~-90;
sData->lastStepSampleNumber;
sData->sampleNumber;

td.lcoccationz} ;
sData-»>facingDirection) ;

E 0x0003) < 3)
0x0010;

td.stepDirection,

cazge NN DOWN:

1t

( ((td.gaitCounters>>6)
td.gaitCounters +=
updateLocation{&td.locaticn, td.stepDirection, td.stepLength);

bhrealk:;

NN 2D :
NN FORWARD:
NN BACKWARD:
NN SS RIGHT:
NN SS LEFT:

1t

: NN RUN:
({{td.gaitCounters>>0)

E O0x0003) <« 33
0x0040;

& 0x0003) « 3)

td.gaitCounters += 0x0001;

updateLocation(&td. location,
break;

td.stepDirection,

T)

NN BACKWARD) | |
| { (CempNetQutput

-(td.sampleNumber -

(sData-»sampleNumber - sData-»lastStepSampleNumber)):

td.stepLength) ;

td.stepLength);

sData-»

4
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td.lastNetOutput = td.netOutput;

td.segmentLength += (uintlé t)td.stepLength; /7 Only i1ncrement segmentiength 2
if garbage was not detected
td.totalPathlLength += td.steplength;

b [

//AGd to path bulfer every step

modbuf write{pathHist .xLoc, {intlé_t} (td.lccation.x *10)); //Bave location in v
decimeters

modbuf write(pathHist.yLoc, {(1ntlé6_t} (td.locatlon.y *10)};

modbuf write(pathHist.zLoc, (intlé t) (td.locationZ * 10)};

modbuf write(pathHist.pressure, {uintlé t) {(td.avgPressure / 2});

modbuf write(pathHist.gyro, (intlé _t)td.gyrolAngle);

modbuf write(pathHist.compass, (intlé t)td.compassAngle):

modbuf write (pathHist.timeH, (uintlé t) (time>>16}};

modbuf write(pathHist.timeL, (uintlé t) (time & OXFFFF)):

modbuf write(pathHist.gait, (uintlé t)td.netOutput);

modbuf write(pathHist.ptIndex, pathPointProcessed):;

modbuf write(pathHist.flags, 0);

i

el

//8et pressure stability flags
if(1}
L
intlé t zMain=0, zMax=0;
uint8 t 1i;
uint8 t lookbackLength = 5;
zMin = modbuf read(pathHist.zLoc, ():

zMax = zMin;

1t (pathPointProcessed < 5)
lockbackLength = pathPointProcessed;

for(i=0;1<lookbkackLength;1i++)
{
intle t z = modbuf read(pathHist.zLoc, -1}:;
if(z<czMin)
zMin =
1f {z>zMax)
ZzMax =

Z;

Z s

]
it ( (zMax - zMin} < 10}

modbuf write{pathHist.flags, 0x0010);

i

f (pathPointProcessed > 10) // pass 12 samples

{
td.segment detectHallSegment (pathHist . xLoc, pathHist.yLoc, pathHist.gyro, Ve
pathHist .compass, time);
1f{td.segment != NULL)
L
if{td.segment->segmnentID > 0)
{
td.bHallSegment = true;
updateHallHallway {td.segment) ;

)
1f(td.segment->hallway == 1)

{
td.hallway = outputHallHallway/{():;

td.bHallHallway = tius;

S/ KAMIAR: COMMENTED OUT THIS PART, TO RE FIXED
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/1T (pathPolntProcessed > 5; [ opass 7 gamplas
.JH;';"%I
A td.flight = detectStairFiightipathHist.xLogc, pathHist.vioc, pathkist.zloc, g
rathiist . gyvroe, pathHist.compass, pathHist.gait, {(pathPointProcessed+l), pathHist. Ve

timeHd, pataHist.timel)):

S/ 1f{td.flight t= NULL]

s :,-" i

77 sd.nstalrPLlighsy = true;

;7 upgatelStair3talrwell {ta.flighti;
£

P

;Y 1fi{cd. flight ~2»stalirwell == 1}

/ ;,f i

i/ pa.gtailrwells outpulStaivitalirwell ()

v o bStalrStalzwell = true;

if }

C

F4 ]

77

pathHistIndex++;

pathHistIndex %= PATH BUFSIZ;
pathPointProcessed++;

]

prvStepNumber = sData->stepNumber:;

it (td.bStepSample)}
!

td.bStairs = talse; /7 Reset the ”
gtairs ftiag

td.bUserStopped = ralse; F/ Indlcate usar

is no longsr stopped

1T (td.stepNumber > 2)

td.stridehAngle = getStrideAngle({stepAngle); // Get Stride Ve
angle
td.gyroLOPANgle = getLOPAngle (stepAngle); /7 Get LOP 2ngle
if (detectTurni{td.strideAngle, td.stepNumber) ] /7 Detect Turn
i td.bPrintSample = trueg;

It

td.bUserTurning
N v

true;
td.bHallway = Zalse

r*=
-l

-

|

if (td.bUserTurning)

{
if {(detectTurnEnd{td.strideAngle, td.gyroLOPAngle, td.stepNumber)) /f Detect o
Turn End

td.bPrintSample = true:
td.bUserTurning = talse;

td. segmentNumbexr++;

td.segmentLength = 0; /7 Reset Segment g
Length
j
j
if (ltd.bUserTurning)
i
1f {detectHall (td.gyrcLOPAngle, td.stepNumber}) /7 Detect Hallway

{
j

td.bHallway = true;
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J

td.bUserStopped = detectStop(td.sampleNumber, td.currentStepSampleNumber); // Detect g

VoD e g e ~
o LJL..-F}E:!E
[N

td.bUserStill = detectStill({{intlé t)totalAcceleration}; J/ Debteact g
St1i1

1f{td.pbUserStill)
{
td.stillDuratien = 1+ {(uintlé t} ({time -~ td.stillStartTime)>>15};

}
eloe
{

1f{td.stillDuration != 0} JiStaTrt of movement
td . motionInterval++;

td.stillDuration = 0;

td.sti1l11StartTime = time;

e
td.trip = detectElevatorTrip({(intlé t)aNav.z, time, (intlé t)td.locationz);
if (td.trip != NULL)

{

td.bElevatorTrip = true;
elevlocation = td.location;
elevator = 1;
updateRlevatorShaft (td.trip};

}

distance = (float)sgrt(({(flecat)td.location.x - (float)eleviocation.x } * ({tfloat)td. g
location.x - (fiocat)elevLocation.x }) + {(({flcat)td.location.y - (float)elevLocation.
v ) * {((float)td.location.y - {(fipat)elevLocation.y ))};

if ({distance > 2) && {(elevator

{

1

= 1}} // distace greater than 2 meters

td.shaft = outputElevatorShaftt{);
td.bElevatorShaft = true;
gelevator = 0;

Flr j adkr wuk mhF I Fum |11 daln ETE ] b 14k A il . hwd krl hin e =k v [T F ] wham A hrk ke rek amwr o= LE dwr dmr e ki -t - =dids - b L. el ard rud nm - vur rad -re LY amm - [t mrm wrl e ras - " Y amm

vam  rEL man mar uvrar Ema s Jawr  mEm [T AT T Eaw w1 vma

/7 CALCULATE COMPASSE ANGIE «#w kb w Rk w U r kW ke kAW R AWK A R AN AR AR R KR AT A AN R b d T hhw

-

f (float3xl norm(cal-»>mag; > 0.0) //Ensure compass datva i1s wvalaid Zor math functions
td.compassAngle = {atanz2f (mNav.y, mNav.x) * {(float)RADZ2DEG) - 90.0f;

1T (td.compassAngle < 0.0)
td.compassAngle += 360.0;

fusionAngleError = updateMagEstimate(cal->mag, gBodyToEarth, !td.bUserStopped, v
localMagIntensity, localMagInclination, &mRefEarth);

mRefBody = guat transform(guat conj{gBodyToEarth)}, mRefEarth);

mRefBody = floatixl normalize(mRerBody) ;

mRefNav = guat transform(gBodyToNav, mRefBody):;

mRefNav = float3xl normalize (mRefNav);

/7 Filter fusion angis error to aveld indicating accurabe when invalid mag i
moves past rer veclor by chance.

1f (!td.bUserStopped)

td.avgFusionlAngleError
0.05f);

= 1

1d

{83

H

ewmalllter (fusionaAnglekError, td.avgFusionAngleError, g
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td.fusionReliability = td.avgFusionAngleError;
td. fusionAngle = (atan2f(mRefNav.y, mRefNav.x) * (flopat)RAD2DEG) - 50.0f;
1.f {(td.fusionAngle < 0.0)
td.fusionAngle += 360.0;
td.compassReliability = getStaticReliablility{mNav, localMagIntensity, e
localMaglnclination)
J
elge //Cowpass sensory malfunctioned so set all wmagnetice reliakilities to zaro.
\

td.fusionReliability = 0;
td.compassReliability = 0;

!
td.avgFugionAngleError = 0;
.IF ——————————————————————————————— — o o mmm W e Wele Wl et Wlm S e ey e e e e e e e— — —
A e il dhaiadie
;."’_,r’ EE*IIILTE*I‘E {:;,Y hf_} ERROR FhE AT R AT REINATFAEANERTA A AT T T T EFRA A AL EREER YA A AR AR A A bR dRiar

; ’r [y d— - - e . mra o= . T e e - —— —_— — —_— - — PY— - aa — - — (S V] (% 1] - (=¥ ] FES R s T [TT] aas aan man - -— - e — ol wmlads Lamm durd s L] - b Ty E o el Ll Laaa el ana s bl o s s —-— e — — L ik bl kA e L [ ] L - -
¢

td.inertialPathError = driftDetect{td.gyrolAngle, td.compassAngle, td.sampleNumber):;

/f TODO: propcocgate error from all axes

td.gyroScaleError += (cal->gyro.z) * (fLlcat)GYRQ SCALE ERROR PEK SAMPLL;

td.gyroOffsetError += GYRO_OFFSET ERROR_ PER SAMPLE;

td.gyroWalkError = (float)GYRO RANDOM WALK * (float)sqgrt(((flcat)td.sampleNumber / v,

(float)GYRO SAMPLES PER HOUR) )} ;
td.gyroError = td.gyroOffsetError + td.gyroWalkError +

F

//Czliculate 1nertial path errory parametsrs.

(float) fabs {td.gyroScaleError) ¢

errorBounds .headingDriftPlus = td.stepDirection + (float)GYRO DRIFT_ RATE * (float)td.p

sampleNumber * cal->samplePeriod;

—

errorBounds .headingDriftMinus = td.stepDirection - (ficat}GYRO_DRIFT RATE * (flcat)tdy

.gampleNumber * cal->gamplePeriocd;

if(td.neuralNetInputData (= NULL)

|
float* netOutput = nn_getOutputArray();
float speed = getSpeed(td.aMag):

float timeSincelLastStep = (td.sampleNumber - lastUpdateSample)* cal->samplePeriodg

lastUpdateSample Cd.sampleNumber;

td.speed = gpeed;

td.stepTime = timeSincelLastStep;

updateErrorBounds (netlutput, speed, timeSincelastStep, td.netOutput, td. ¥
stepLength, td.stepDirection, (errorBounds t*)&errorBounds, (l1nertialState t#*)& e
inertialState) ;

td.scaleConfidence5um += {1 - errorBounds.scaleConfidence};

td.gaitConfidenceSum += (1 - errorBounds.gaitConfidence);
J
/7 Detect no motion. Hot attachned to peyrsaon.
if (updateRunningStats(&accyStats, cal-»acecl.y) == MOTION DETECT TEST_INTERVAL)

accyStats.n = 0;

pn s wpyeen, 3o e Y
h‘hvhanrf.i-i.-a#; a

if (accyStats.var > MOTION DETECT VAR THRESH)

—_— ——-

{
j

td.motionLevel = accyStats.var;

td.lastMoticonSample = td.sampleNumber;

//Resst every 10 seconds {400y
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What 1s claimed:

1. A computer-implemented method for detecting the steps
of a person and estimating the person’s three-dimensional
(3D) movement to track a location of the person, comprising
the steps of:

a. collecting accelerometer data from a torso worn or per-
son carried device that includes an accelerometer, the
accelerometer data representing an x axis, a y-axis and a
z-ax1s movement of the person over a period of time and
storing the accelerometer data 1 a non-transitory
memory of a computer having a processor;

b. removing by the processor tilt data from the accelerom-
cter data for the x-axis, the y-axis and the z-axis to
produce first improved accelerometer data and storing
the first improved accelerometer data 1n the memory;

c. removing by the processor gravitation acceleration from
the first improved accelerometer data for the z-axis to
produce second improved accelerometer data and stor-
ing the second improved accelerometer data in the
memory;

d. filtering by the processor the second improved acceler-
ometer data and the first improved accelerometer data
for the x-axis and the y-axis to remove additional bias
and high frequency noise and to produce a filtered accel-
crometer data for the x-axis, the y-axis, and the z-axis;

¢. calculating by the processor a hip elevation estimate
using a double integration of the filtered accelerometer
data for the z-axis and storing the hip elevation estimate
in the memory;

f. correcting by the processor the hip elevation estimate 11
the hip elevation estimate drifts away from a mean over
time;

g. finding by the processor a local minima and a local
maxima to detect each step by the person and storing the
local mimima and the local maxima 1n the memory;

h. classifying by the processor the person’s gait as a level
gait, an up gait, or a down gait based on at least the local
minima and the local maxima of the device;

1. finding by the processor an x-displacement along the
x-ax1s and a y-displacement along the y-axis for each
step by the person based on the filtered accelerometer
data for the x-axis and the y-axis and storing the x-dis-
placement and the y-displacement 1n the memory;

1. calculating by the processor a two-dimensional (2D)
movement displacement for each stride by the person
based at least on the x-displacement and the y-displace-
ment;

k. when the person’s gait 1s classified as the up gait or the
down gait, calculating by the processor the elevation
change of the person and storing the elevation change 1n
the memory; and

1. on a step by step basis, calculating the 3D movement of
the person based at least on the 2D movement displace-
ment and the elevation change to track a location of the
person.

2. The computer-implemented method as recited 1n claim
1, wherein the device 1s a smartphone that includes an accel-
crometer.

3. The computer-implemented method as recited in claim
1, wherein the accelerometer data 1s sampled at a frequency
greater than twice a Nyquist frequency for the device.

4. The computer-implemented method as recited in claim
1, wherein the accelerometer data includes x-axis, y-axis and
z-ax1s data for the device, and wherein the step of utilizing the
processor to remove t1lt includes the steps of:
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establishing a ground frame onented around the device
with the z-axis up and down from the device, the x-axis
1s right and left of the device and the y-axis 1s forward
and back of the device;

determining pitch data and roll data based on x-axis, y-axis

and z-axis data relative to the ground frame; and
determining the tilt data based on the pitch data and roll
data of the device.

5. The computer-implemented method as recited 1n claim
1, wherein the device further includes a gyroscope adding to
the x-axis, y-axis and z-axis data for the device.

6. The computer-implemented method as recited in claim
1, wherein the step of utilizing the processor to remove gravi-
tation acceleration is based on a_=a_-g, where a_is improved
accelerometer data for the z-axis, g is gravity, and a_ is
improved accelerometer data for the z-axis minus gravita-
tional acceleration.

7. The computer-implemented method as recited 1n claim
1, wherein the step of utilizing the processor to correct the hip
clevation 1ncludes correcting the hip elevation each time a
new value 1s calculated for the hip elevation.

8. The computer-implemented method as recited 1n claim
1, wherein the local minima occurs after each heal strike and
wherein the local maxima occurs after each passive position.

9. The computer-implemented method as recited 1n claim
1, wherein the step of utilizing the processor to find the local
minima and the local maxima includes the step of utilizing the
processor 1o reduce extraneous detections by determining 11
there are any neighboring minima within a sample window of
n samples before a local minima and n samples after each
local minima, and not counting any neighboring minima
within the sample window as a local minima.

10. The computer-implemented method as recited 1in claim
1, wherein the processor utilizes a neural network to classity
the person’s gait.

11. The computer-implemented method as recited in claim
10, wherein the processor classifies the person’s gait on a per
step basis.

12. The computer-implemented method as recited in claim
11, wherein the step of utilizing the processor to classily the
person’s gait includes the steps of:

inputting to the neural network n values of each of the

X-axi1s, y-axis and z-axis components of angle vectors
for each step;

inputting to the neural network n values of each of the

X-axi1s, y-axis and z-axis components of velocity vectors
for each step;

inputting to the neural network a minimum and a maximum

acceleration amplitude difference over each step;
inputting to the neural network an orientation vector at the
end of each step; and

inputting to the neural network an index where amagnitude

of the x-axis and y-axis plane acceleration achieves a
minimum value for each step.

13. The computer-implemented method as recited 1n claim
1, wherein the step of utilizing the processor to find the
x-displacement and the y-displacement 1s performed 1n a time
interval between the local minima and the local maxima for
cach step.

14. The computer-implemented method as recited in claim
1, further comprising the step of utilizing the processor to
determine a translation direction for each step, wherein a
most frequent direction of translation i1s assumed to be for-
ward, and wherein the ground frame 1s corrected to the y-axis.

15. The computer-implemented method as recited in claim
1, further comprising the step of utilizing the processor to
determine a translation direction for each step, wherein a
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most frequent direction of translation 1s determined by
assigning each possible direction of motion based on each
step to a bin for the direction of motion and the bin with the
highest frequency 1s considered the most frequent direction of
translation. 5

16. The computer-implemented method as recited 1n claim
1, further comprising the step of utilizing the processor to
determine a translation direction for each step, and further
comprising the step of detecting a transition corresponding to
an abrupt change 1n orientation of the device and discontinu- 10
ing the step of utilizing the processor to determine a transla-
tion direction for each step until the transition has completed.

17. The computer-implemented method as recited 1n claim
1, wherein the step of utilizing the processor to remove tilt
data further includes determining an accelerometer estimate 15
of pitch and yaw and an gyroscope estimate of pitch and yaw
and combining the accelerometer estimate and the gyroscope
estimate with a spherical linear iterpolation.

18. The computer-implemented method as recited 1n claim
1, wherein the step of calculating the 3D movement 1s further 20
based on determining the person’s 3D translation and rota-
tion, and further comprising the step of determining a location
and a heading for the person based on the 3D translation and
rotation.

25
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